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ŒNERAL INTROSUCnON 
Heavy agricultural machines have been used extensively over the 
past decade or more. This equipment has produced soil compaction which 
has been ignored for some time. Recently, soil compaction has become 
more apparent, and growers are expressing a greater concern over 
compaction effects on field crops. These heavier machines create 
greater loads on the soil than previous farm equipment, resulting in a 
more dense soil which often negatively affects plant growth and yield. 
Anhydrous ammonia applicators and liquid manure spreaders are two 
machines of much concern with respect to soil compaction. Not only has 
the size of tanks increased, with many being In excess of 25 tonnes, but 
also the timing of application often occurs when the soil is moist and 
most susceptible to compaction. Manure Is often applied in the spring 
after the soil is no longer frozen, but before spring tillage. At this 
time, the soil is high in moisture and the effects of compaction tend to 
be more pronounced and to penetrate deeper into the subsoil (Schuler and 
Lowery, 1986). 
Economic losses due to excessive soil compaction are estimated to 
be a billion dollars per year in the United States (Raghaven et al. , 
1978). McKibben (1971) estimated about 0.8 million hectares are 
compacted such that yields are significantly reduced and tillage costs 
increased. Gill (1971) indicated the problem of machinery-induced 
compaction is nearly universal, but is of greater concern where the 
depth of seasonal soil freezing is a few millimeters or less. 
Nitrogen Is one of the major plant nutrients applied to soil. 
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Statistics show that the consumption of nitrogen fertilizer by U. S. 
farmers increased by an average of 4% a year for the 1969-1979 period, 
from 6-3 to 9.7 million metric tons/year (Am. Chem. Soc-, 1980). 
Killorn et al. (1985) reported that the amount of nitrogen used in Iowa 
ranged from 316,444 to 1,037,520 tons during the period of 1965 to 1984, 
while per acre useage increased from 65 pounds to 133 pounds for the 
same period. One of the possible fates of applied nitrogen is leaching 
loss as NOg-N, which is an environmental, economic, and energy-
conservation concern. 
Nitrate-nitrogen (NO^-N) contamination of the nation's surface and 
ground water is certainly one of the more important water pollution 
issues, particularly when the NO^-N concentration of water exceeds 10 
mg/1, the drinking water standard (Environmental Protection Agency, 
1976). Pye and Patrick (1983) reported that about 50% of drinking water 
in Illinois comes from well water; in Iowa, 85% of the total municipal 
water comes from underground water sources (Buchmiller and Karston, 
1980)• 
Several formulations of nitrogen fertilizers are available. Among 
these are nitrogen in solution form and as anhydrous ammonia. The 
conventional application methods using knife applicators have their 
inherent problems as discussed by Abo-Abda et al. (1985). Barber (1978) 
reported losses of 0.19 million tons of anhydrous ammonia in the U.S. 
alone during direct application with conventional methods. In view of 
these losses, a new application method has been designed and developed 
by Baker et al. (1985). This applicator, named "point injector 
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fertilizer applicator (PIFA)eliminates several inherent problems of 
the conventional applicators. However, intensive field research was 
needed to evaluate and improve the performance of the tool before its 
commercial use- Thus, experiments were planned to compare the effects 
of knife and PIFA applicators on fertilizer leaching losses, under both 
trafficked and untrafficked soil conditions, as well as effects on plant 
growth and crop yields. The research also investigated the possible 
advantage of multiple applications with PIFA compared to a single 
application. For multi-applications at later crop stages, the PIFA was 
mounted on a high clearance tractor. 
Devitt et al. (1976) reported that nitrate movement through the 
soil is affected by soil profile characteristics. Other researchers 
have attempted to quantify the effects of tillage systems on the nitrate 
distribution in the soil profile (Dick, 1983; Gold and Loudon, 1982), 
but little work has been done to determine NO^-N movement under 
trafficked soil conditions. 
The major causes of soil compaction are wheel traffic and tillage 
operations (Schuler and Lowery, 1986). Tillage is defined as 
mechanical, soil-stirring operations performed for the purpose of 
raising crops. The goal of tillage is to provide a suitable environment 
for seed germination, root growth, weed control, and moisture control 
(Buckingham, 1976; Buchele, 1979). 
Traditionally, row crops were produced under clean cultivation, 
i.e., moldboard plowing (fall or spring) one or more diskings in the 
spring for seedbed preparation, and several cultivations after planting. 
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Farmers in Iowa, until very recently, continued to carry out these 
operations and regarded soil loss by wind and water as a normal part of 
farming. Conservation tillage research expanded rapidly after the 
introduction of herbicides and insecticides. 
In the 1950s, researchers questioned the need for extensive 
secondary tillage in row crop production (Sprague, 1952). Later, in 
1980, a USDA report showed that erosion rates in the United States 
exceed 5 tons of soil per acre per year on about 23% of the cropland, 
11% of the rangeland, 7% of the pastureland, 15% of the grazed forest 
land, and 2% of the non-grazed forest land. Iowa has the largest 
acreage of erosive soil and the highest percentage of land in intensive 
cultivation. Almost 12 million acres in Iowa have more than 14 tons per 
acre annual soil loss (USDA, 1980). 
There is now strong evidence that farmers want to practice 
conservation tillage. Therefore, it was decided to evaluate the effect 
of three conservation tillage systems on soil physical properties. 
These systems are chisel-disk, paraplow, and no-till. It was also 
possible to study interactions of tillage methods with methods of 
fertilizer application. 
The choice of the chisel plow system was based on the growing 
popularity and use of the chisel plow as a substitute for the moldboard 
plow (Dulley and Russel, 1942; Faulkner, 1943; Buchele, 1979). 
Furthermore, the chisel plow is considered a conservation tool when 
compared with the moldboard plow. Because of widespread popularity of 
the chisel plow in conservation tillage systems, it was included in the 
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present investigation as one level of tillage, for comparison with other 
tillage tools. 
The paraplow, still under trial for commercial adoption in the 
United States, is said to be one of the best machines ever developed for 
use in heavy soils where arable crops are to be direct drilled (Long, 
1982). It is claimed that the paraplow breaks the plow pan that may 
form at a depth of 7 to 8 inches, increases the infiltration capacity of 
the soil and improves aeration while causing little disturbance of the 
soil surface. Thus, the paraplow and its interactions with traffic and 
method of fertilizer application were studied in this research. 
Soil failure due to forces applied by a tillage implement may 
affect the properties of the soil. Among the important soil properties 
are bulk density, moisture content, and penetration resistance. Soil 
bulk density was found to be related to the suitability of soils for no-
till direct drilling (Pidgeon, 1980). to rate of corn seedling 
elongation (Phillips and Kirkham, 1962), to rate of corn root growth 
(Grable and Siemer, I9b8). to infiltration rate (Gumbs and Warkentin, 
1972), and to leaf water potential (Morris and Daynard, 1978). 
Moisture content measurements are needed in practically every type 
of soil study. In the field, knowledge of water available for plant 
growth requires a direct measure of moisture content, or a measure of 
some indicator of moisture content. In the laboratory, determining and 
reporting of many physical and chemical properties of the soil 
necessitates knowledge of moisture content. 
Despite the limitations of cone index measurements (Carter, 1967; 
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Freitag, 1968; Mulqueen et al., 1977), penetrometer measurements are the 
only quick and easily obtained indicators of soil strength (Anderson et 
al., 1980). The penetrometer has been used to measure and relate soil 
compaction to plant growth (Bilbro and Wanjura, 1982), to compare 
tillage implements (Dumas et al., 1975; Soane et al., 1976; Voorhees et 
al., 1978) and to predict vehicle mobility (Wismer and Luth, 1973). 
Therefore, it was concluded that soil bulk density, moisture 
content, and cone index are important for evaluating tillage systems 
under both trafficked and untrafficked soil conditions. 
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OUTLINE OF DISSERTATION FORMAT AND OBJECTIVES 
This dissertation consists of three sections, each written as a 
separate paper. 
The candidate, Ahmed El-Sayed Abo-Abda, conducted the research and 
authored the papers under the supervision of Dr. S. J. Marley and Dr. J. 
L. Baker. 
Section I, "Effect of Field Machine Compaction on Nitrate-Nitrogen 
Movement Through the Soil Profile Under Rainfall Simulation," presents a 
discussion of the NO^-W movement through the soil profile under 
trafficked and untrafficked soil conditions. Differences in depth of 
rain penetration with time in soil samples down to 150 cm deep for 
volumetric moisture content determination and NO_-N analysis are 
compared. This paper was presented as ASAE Paper 86-1042 on July 1 at 
the 1986 Summer Meeting of the American Society of Agricultural 
Engineers, California Polytechnic State University, San Luis Obispo, CA. 
Section II, "Effect of Machinery Traffic, Method of Fertilizer 
Application, and Tillage on N leaching," is an investigation of 
NOg-N leaching under field conditions, with different rates and methods 
of fertilizer application, and different tillage systems in trafficked 
and untrafficked zones. This was done to study interactions of various 
factors and to identify desirable tillage and fertilizer management 
practices. 
Section III, "Effect of Machinery Traffic and Method of Fertilizer 
Application on Soil Physical Properties and Plant Response," is an 
analysis of the interaction between method of fertilizer application and 
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tillage system (no-till, chisel and disk, and paraplow) under trafficked 
and untrafficked soil conditions. Included is a discussion of plant 
response as affected by method of fertilizer application (multi-
application, and single application using a point injector fertilizer 
applicator and a knife applicator) in trafficked and untrafficked areas. 
In addition, soil physical properties, including volumetric moisture 
content, bulk density, and soil penetrometer resistance, were discussed. 
The overall study had the following major objectives: 
1) To measure NO^-N leaching under trafficked and untrafficked 
soil conditions in a simulated rainfall study, 
2) To evaluate the effects on NO^-N leaching of machinery 
traffic, tillage system, and method of fertilizer application 
(PIFA, knife) under naturally occurring field conditions, 
3) To measure the interaction of method of fertilizer application 
and tillage system in trafficked and untrafficked zones and 
the resulting changes in plant response, and 
4) To quantify the effects of machinery traffic and tillage 
systems on soil physical properties. 
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SECTION I. EFFECTS OF FIELD MACHINE COMPACTION OF NITRATE 
MOVEMENT THROUGH THE SOIL PROFILE UNDER RAINFALL 
SIMULATION 
10 
ABSTRACT 
A field experiment was conducted to ascertain the movement of NO^-N 
through the soil profile under tracked and non-tracked soil conditions. 
After disking twice, a tractor was driven over the soil surface of plots 
to create tracked and non-tracked zones. Potassium nitrate (KNO^) in 
solution was sprayed over the plots (471 kg NO^-N/ha). Two rains of 5.0 
and 7.5 cm were applied with a rainfall simulator. Soil samples were 
taken down to 150 cm before, and one and ten days after rainfall for 
soil moisture determinations and NO^—N analyses. Tracked soil profiles 
maintained higher amounts of NO^-N compared to non-tracked zones down to 
a 20 cm soil depth. Reasons for the response are discussed. Fertilizer 
leaching beyond 150 cm increased as rainfall increased. Time of 
sampling after rainfall suggested that significant leaching occurred 
beyond 150 cm soil depth after the first day from application of rain. 
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INTRODUCTION 
The intensive use of agricultural chemicals is being recognized by 
the public, and in particular by fanners, as a potential source of water 
pollution (Baker and Johnson, 1981). Nitrate-nitrogen (NO^-N) 
contamination of the nation's surface and groundwater is certainly one 
of the more important water pollution issues, particularly when the 
NOg-N concentrations of water exceed 10 mg/1, the drinking water 
standard. Pye and Patrick (1983) reported from their study in Illinois 
that 34 percent of drilled wells had NO^-N concentrations of more than 
10 mg/1. Similarly, Baker and Johnson (1981) reported that in Iowa, 
NOg-N concentrations in subsurface drainage from agricultural land often 
exceeded the 10 mg/1 standard. They also reported that in tile drainage 
water, concentrations as high as 100 mg/1 were occasionally observed. 
Baker and Laflen (1983b) stated that one of the most important chemicals 
lost with subsurface water is NO^-N. The water pollution resulting from 
the use of agricultural fertilizers is well documented in the 
literature. These days» the problem of soil compaction generated 
through the use of heavy machinery (developed over the past two decades) 
has further affected the behavior of fertilizer movement through the 
soil profile. The effect of machine traffic on NO^-N leaching needs to 
be investigated to make reasonable estimates of the NO^-N amount going 
to underground water resources. Kanwar et al. (1985) indicated that the 
nitrate leaching losses depend on the time and amount of fertilizer 
application. In view of the importance associated with the effect of 
soil compaction on NO^-N leaching and subsequent groundwater pollution. 
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a study of this problem was conducted at Iowa State University, Ames, 
Iowa, using a rainfall simulator. 
The objective of the study was to investigate the effects of 
vehicular traffic on NO^-N movement in the soil profile as a function of 
the amount of rainwater. The temporal effects of NO^-N movement through 
the soil profile were studied by observing the concentration of NO^-N at 
different depths at two different times (1 and 10 days after the 
application of rainwater). This paper reports the results of this 
rainfall simulation study. 
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MATERIALS AND METHODS 
Two plots (3m X 3m) were established on the study site at the 
Agronomy and Agricultural Engineering Research Center in central Iowa, 
near Ames, on a uniform and flat Webster silt loam. Before applying the 
fertilizer, the plots were disked twice with a tandem disk that 
penetrated 8 cm. Two wheel tracks were made on each plot with a 2800 kg 
tractor with a standard 30 cm-wide tire. The background soil samples 
were taken to nine different depths (5, 10, 20, 30, 45, 60, 90, 120, 
and 150 cm) to determine the initial moisture contents and NO^-N 
concentrations in the soil profile. Potassium nitrate (KNO^) was 
applied to the plots in solution form at the rate of 471 kg NO^-N/ha 
with a tractor-mounted sprayer by making several passes over the plots 
(the tractor traveled adjacent to the plots) to ensure good fertilizer 
distribution. Two double-thickness filters (13 cm dia.) were placed on 
the soil surface to estimate the amount of fertilizer applied. 
Immediately after the application of KNO^, these filters were sealed in 
glass containers for later analysis. Soil strength, as indicated by a 
penetrometer, was measured at several locations in the side and middle 
of the tracked and the uncracked area, up to a depth of 60 cm, with an 
interval of 5 cm (Figs. 1 and 2). 
WaCer was applied with a rainfall simulator at the rate of 32 
mm/hour, a rate which was chosen after several trials to ensure that no 
surface run-off would occur from the experimental plots while rainwater 
was being applied. The rain was applied for about four hours to the 
plots. The actual times for applying 5.0 cm and 7.5 cm of rain were 1.6 
14 
and 2.4 hours, respectively. It is important to note that the rainfall 
simulator was stopped periodically to allow for infiltration of the 
rainwater (Table 1). A complete schedule for rainfall is given in Table 
1 .  
After 5.0 cm of rain, one of the two plots was covered by two 
layers of plastic sheets. An additional rain of about 2.5 cm was 
applied to the second plot. After applying the total of about 7.5 cm of 
rain on the second plot, the rainfall simulator was stopped and the 
second plot was also covered with plastic sheets to eliminate the 
evaporative loss of water. The rotating boom rainfall simulator (Fig. 
3), which has a 15 m diameter and approximates the energy and drop size 
of natural precipitation, has been described by Swanson (1965). 
The next day (24 hours after fertilization and rainfall 
application), the first set of soil samples was taken at nine different 
depths (5, 10, 20, 30, 45, 60, 90, 120, and 150 cm) with a hand-powered 
auger of 10 cm diameter and 160 cm length. Field layout of the 
experimental plot is given in Fig. 4. A double split plot design was 
used by varying rainfall (5 and 7.5 cm), dates (1 and 10 days) and 
location across main plots, and using traffic (wheel tracked and non-
tracked) as the subplot factor, and taking measurements within subplots 
at various depths. Since the volume of soil samples from the field was 
greater than needed, the soil samples from each depth were uniformly 
mixed and a representative subsample taken. This subsample was later 
added to a pre-weighed 1000 ml beaker and weighed. Demineralized water 
equal to about 1.5 times the wet soil weight was weighed into the 
beaker, and the soil-water mixture was mechanically stirred for one 
hour. After that, the beaker was left for 24 hours for settling. After 
this time, a small sample of the solution was taken and centrifuged for 
12 minutes to separate the remnant particles, which were returned to the 
beaker. The mixture in the beaker was oven dried for 24 hours at 105° C 
and weighed. The gravimetric moisture contents of the original soil 
samples were calculated from the wet and dry weights. The volumetric 
moisture contents were determined from gravimetric moisture content and 
bulk density data for the soil in the experimental area. The 
centrifuged water samples were analyzed for NO^-N using the cadmium 
reduction standard methods (1985) and a Technicon Auto Analyzer II 
system in which output signals were fed into a Commodore PET Micro 
Computer programmed to determine the concentration in each sample (Fig. 
5). Concentrations in the original soil solution were calculated from 
the weight of demineralized water added, the soil water content, and the 
analytical data. After data acquisition, a statistical package was used 
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RESULTS AND DISCUSSION 
Effects of Wheel-induced Compaction on NO^-N Le ching 
Table 2 gives the average NO^-N contents (kg/ha) i ;he soil 
profile measured one and ten days after the application of 5-0 and 7.5 
cm of rain. NO^-N contents were found to be statistically different 
between the compacted and non-compacted areas to a depth of 20 cm. 
NOg-N leaching data as a function of depth for the two levels of 
compaction are also presented in Fig. 7. This figure indicates that 
the wheel-tracked areas had greater average NO^-N contents near the 
soil surface (0-20 cm) as compared to non-tracked areas. The tracked 
soil profile maintained 2-5 times more NO^-N in the upper 20 cm of the 
soil profile compared to the non-tracked profile. The large amounts 
of NOg-N observed in the tracked profile seem to be associated with a 
reduced macroporosity and hydraulic conductivity. In fact, a 
significantly higher volumetric moisture content (Fig. 8) under the 
wheel track might also indicate a reduced downward movement of NO^-N. 
It was found that tracked and non-tracked soil profiles had 617 and 
375 kg NOg-N/ha in the upper 150 cm of soil, respectively (Table 2). 
In other words, the NO^-N moved faster and also in greater amounts to 
lower depths under non-tracked conditions. A practical implication of 
the track effect is a reduced leaching and in turn a lesser potential 
for pollution of underground water; however, the effects of track on 
crop growth need to be carefully examined before any recommendations 
can be made. That is why an independent study (reported in Section 
III) was conducted to investigate the traffic effect on crop growth 
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parameters. The variations in the average values of NO^-N in 
different layers of soil profile may be associated with the residual 
amounts of NO^-N experimental errors and analytical errors (NO^-N 
analyses are accurate to about 5%). 
From Tables 3 and 4, and Figs. 9-12, it is obvious that tracked 
profiles consistently maintained higher contents of NO^-N compared to 
untracked profiles under different conditions of the experiment. The 
higher concentration of NO^-N in the tracked (compared to untracked) 
profiles warrants discussion. One explanation observed was the 
reduced hydraulic conductivity in tracked zones and in turn more water 
remaining in the profile for a longer period (Figs. 13-15). Voorhees 
(1977) observed that the soil surface of a tracked area is generally 
lower by 7-10 cm compared to an untracked area. Therefore, another 
reason for increased NO^-N in the tracked profiles might be a lowered 
tracked surface, which may cause a surface movement of water along 
with NOg-N toward that area. Another reason for significantly higher 
amounts of NOy-N in tracked profiles could be the lateral movement of 
water from an untracked zone to a tracked one which has more smaller-
sized pores (Fig. 6) that can cause a lateral pull on water. If 
lateral movement of water from adjacent untracked soil into tracked 
soil occurred, this may have increased the amount of NO^-N under the 
tracked areas. 
Effect of Rainfall on NO^-N Leaching 
The main effect of rainfall on NCy-N leaching was found to be 
statistically significant (at P < 0.001) for the first 5 cm layer. In 
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this layer, 43 and 18 kg NO^-N/ha were found in the plots after 5.0 
and 7.5 cm of rainfall, respectively (Table 2). Though not 
statistically significant, variations in NO^-N contents between 5.0 
and 7.5 cm of rain at depths beneath 5.0 cm were present (Fig. 16). 
However, the total amounts of NO^-N remaining in the top 150 cm of 
soil were 526 and 465 kg NO^-Zha, respectively, for the plots with 5.0 
and 7.5 cm of rain. As expected, a greater amount of rainfall caused 
more leaching of NO^-N to the soil depth below 150 cm. This suggests 
that a small amount of rain would be beneficial to keep NO^-N in the 
root zone for a longer period of time and also to avoid a pollution 
hazard of underground water. This effect might have practical 
implications in surface and sprinkler irrigation systems. 
Temporal Effects on NO^-N Leaching 
The main effect of time of observation after the application of 
NO^-N and rain was significant up to 20 cm of soil profile (Table 2). 
Higher amounts of the NO^-N were found in surface layers (0-20 cm) of 
soil on day one compared to ten days after application. Fig. 17 shows 
that on the tenth day after the application of rain, a significant 
amount of had moved to the lower soxl profile beyond 150 cm 
and/or denitrified. The amounts of NO^-N in the top 150 cm of soil 
profile on days one and ten after the application averaged over 5.0 and 
7.5 cm of rain were 549 and 433 kg/ha, respectively. In other words, 
an equivalent of 11% of NO^-N applied moved beyond 150 cm soil depth 
during one day, whereas an equivalent of 29% of the amount applied 
moved beyond 150 cm within ten days after application (Table 5). This 
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suggests that the bulk of NO^-N moved down after the first day after 
application of fertilizer (KNO^) and rain. These losses are associated 
with leaching beyond 150 cm and/or denitrification. 
A significant rain-track interaction (Fig. 18) suggests that an 
additional 2.5 cm of rain caused a pronounced reduction of NO^-N in 
tracked zones relative to untracked areas, at least in the surface 5.0 
cm of soil. Since a greater amount of NO^-N was leached from the 
surface layer (0-150 cm) in plots with 7.5 cm of rain, more NO^-N was 
observed at 20 and 150 cm depths in the same plots and consequently, a 
significant interaction existed (Figs. 19 and 20). 
Average volumetric moisture contents are given in Table 6. An 
analysis of variance revealed that the effect of tracks was highly 
significant up to 45 cm depth. Higher moisture contents were observed 
in the tracked areas. This could be expected because of reduced 
macroporosity in tracked soil and consequently a reduction in 
drainage. The main effect of rainfall was not statistically 
significant (Fig. 21); however, the effect of time of sampling was 
found to be statistically significant up to depths of 20 cm (Fig. 22). 
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CONCLDSIONS 
1) Tracked soil profiles maintained 2-5 times higher amounts of 
NOg-N in the upper 20 cm, compared to non-tracked profiles. 
The reasons for this response may be attributed to the 
following factors: 
a) surface movement of water from untracked soil to the 
lowered tracked area. This water could bring dissolved 
NOg-N along with it. 
b) reduced drainage and a significantly higher volumetric 
moisture content in the tracked profile up to 45 cm. 
c) lateral movement of water from non-tracked to tracked 
profile may be due to capillary tension causing a pull 
on the water (which contains NO^-N). 
2) Although the tracked profiles maintained higher NO^-N 
contents, the practical implication of this effect on 
groundwater pollution and nutrient availability for roots 
needs to be weighed against the undesirable effects of 
compaction on root development. 
3) The total amounts of N in the top 150 cm of soil were 
526 and 465 kg NO^-N/ha in the plots with 5.0 and 7.5 cm of 
rain, respectively. As expected, a greater amount of 
rainfall caused more NO^-N leaching to soil depths beyond 
150 cm. This suggests that smaller amounts of water would 
be beneficial in keeping NO^-N in the root zone for a longer 
period of time and in avoiding a pollution hazard of 
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underground water. This effect might have practical 
application implications in surface or sprinkler irrigation 
systems. 
The amounts of NO^-N one and ten days after application of 
rain were 549 and 433 kg NO^-N/ha, respectively, in the top 
150 cm of soil profile. In other words, amounts equivalent 
to 11% and 29% of the fertilizer applied were lost from 
150 cm of soil on one and ten days after application. This 
suggests that a significant amount of moved to lower 
profiles following the first day after rainfall. 
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Fig. 1. Soil penetrometer resistance (Digital Force Gauge) 
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Fig. 5. Automatic sample analyzer for NO.-N concentration 
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Table 1. Time schedule for rainfall application 
Time of Rain gage 
Application stoppage ABCDEFGHIJK Average Std. Dev. 
— — — —(minutes)" (mm of rain) 
18 19 14 12 10 14 10 12 6 12 14 14 12 12 2 
21 21 27 20 24 25 20 21 9 26 24 24 27 23 5 
16 15 40 29 32 34 30 30 14 36 32 34 34 31 6 
18 16 55 38 41 42 39 41 18 48 40 42 34 40 9 
20® 26 69 48 50 52 48 52 20 60 51 52 34 49 13 
53*' 84 72 72 72 72 76 28 88 80 72 — — 72 16 
®Plot with 5 cm of rainfall covered, 
''plot with 7.5 cm of rainfall covered. 
Table 2. Average of NO^-N contents in the soil profile for main effects 
Soil Depth Traffic Depth of Rain Fall (cm) Time After Application 
tracked non-tracked 5 cm 7.5 cm one day 10 days 
kg/ha (NOg-N) 
0-5 48.4 12.4*** 43.5 18.0*** 29.0 30.3 
5-10 104.2 20.4*** 70.5 51.2 74.9 44.5* 
10-20 196.6 82.1*** 137.0 141.4 176.5 99.7*** 
20-30 91.6 88.4 100.1 81.1 104.9 72.7 
30-45 77.0 66.8 77.6 67.3 74.7 68.6 
45-60 34.3 37.9 40.9 31.9 29.4 43.6 
60-90 28.3 29.3 24.4 32.7 25.4 32.7 
90-120 25.9 20.5 18.9 26.9 21.5 25.1 
120-150 10.7 17.5 13.1 14.6 12.8 15.3 
Total NO -N 
in 0-150 cm 
depth 617 37 5 526 465 549 433 
***S1gnif1 cant at 0.01 probability. 
*Slgnlfleant at 0.10 probability. 
Table 3. Average NO^-N concentrations for different factors and their levels 
Time after application 
One day 10 days 
Rainfall application (cm) 
Soil Depth Before Kainfall 5.0 7.5 5.0 7.5 
T^ T N T N T N T N 
0-5 337 343 468 61 94 64 306 155 215 56 
5-10 102 119 745 95 460 191 409 189 414 68 
10-20 101 35 544 420 674 184 303 306 466 144 
20-30 22 47 292 389 248 287 236 244 206 177 
30-45 15 17 120 186 186 84 170 143 104 131 
45-60 15 8 51 50 92 41 103 114 34 84 
60-90 12 31 23 22 40 19 37 29 15 56 
90-120 27 11 50 8 12 32 15 16 29 35 
120-150 2 3 22 6 5 25 10 21 13 32 
^T = wheel tracked. 
= non-tracked. 
Table 4. Average NO^-N contents for different factors and their levels 
One day after application 10 days after application 
Rainfall application (era) 
Soil Depth 
cm 
Before 
T 
471* 
rainfall 
N 
471* -
5. 
T 
0 
N 
7. 
T 
kg 
5 5 
N T 
NOg-N/ha 
.0 
N 
7 
T 
.5 
N 
0-5 37.8 34.4 90.0 9.5 15.2 10.3 61.5 21.1 42.9 8.3 
5-10 17.8 20.2 154.9 15.0 90.9 28.9 79.2 26.5 79.4 10.2 
10-20 24.4 11.8 213.9 125.7 250.2 79.1 111.0 87.0 169.4 43.3 
20-30 11.3 17.4 109.5 122.0 89.8 101.6 88.3 76.5 75.2 57.0 
30-45 7.2 8.4 65.6 89.8 97.1 45.3 89.4 70.3 52.9 66.4 
45-60 6.9 9.0 26.7 25.3 41.5 21.4 53.7 56.8 17.8 43.0 
60-90 9.9 26.9 20.7 21.4 38.8 18.0 32.4 25.2 19.5 51.4 
90-120 21.6 8.8 38.2 7.1 10.5 29.6 12.3 13.6 43.8 29.4 
120-150 1.7 2.7 17.9 5.5 4.4 20.9 8.5 17.9 11.4 22.6 
Total NO -N 
in 0-150 cm 
depth 619.6 610.7 737 .4 421.3 638.1 355.1 536.3 394.9 512.3 331.7 
Net NO -N leaching h 
loss below the 150 era depth 117.8 189.4 18.5 255.6 83.3 216.0 107.3 279.0 
^Surface 
''Gain. 
application amount of fertilizer. 
Table 5. Average volumetric water content in soil profile 
Soil depth Traffic system Depth of rainfall Time after application 
tracked non-tracked 5 cm 
3 
7.5 cm 
3 
one day ten days 
0-5 0.401 0.295*** 0.343 0.353 0.359 0.336* 
5-10 0.397 0.301*** 0.346 0.353 0.362 0.337*** 
10-20 0.378 0.298*** 0.335 0.340 0.347 0.328*** 
20-30 0.368 0.318*** 0.344 0.341 0.346 0.340 
30-45 0.353 0.333*** 0.341 0.345 0.346 0.340* 
45-bO 0.350 0.348 0.343 0.348 0.347 0.351 
60-90 0.310 0.314 0.302 0.310 0.308 0.317 
90-120 0.291 0.280 0.277 0.288 0.282 0.289 
120-150 0.289 0.279 0.278 0.282 0.277 0.284 
***Slgnifleant at 0.01 probability level. 
^Significant at 0.10 probability level. 
Table 6. Averages of water contents for different factors and their levels 
One day Ten days 
Depth of rainfall 
Soil Depth Before rainfall 5.0 cm 7-5 cm 5.0 cm 7.5 cm 
N N N N N 
HgO cm/depth 
0-5 1.10 1.04 1.95 1.56 2.16 1.54 2.02 1.36 1.99 1.47 
5-10 1.74 1.70 2.06 1.56 1.96 1.57 1.94 1.40 1.98 1.52 
10-20 3.42 3.40 3.94 2.96 3.78 3.06 3.68 2.84 3.69 3.07 
20-30 3.43 3.70 3.73 3.16 3.61 3.24 3.74 3.14 3.61 3.19 
30-45 4.77 4.44 5.40 4.91 5.33 5.09 5.25 4.19 5.19 5.07 
45-90 4.69 4.77 5.25 5.10 5.30 5.18 5.24 4.97 5.25 5.14 
60-90 8.61 8.70 8.91 9.49 9-42 9.09 8.94 8.88 9.51 9.19 
90-120 7.89 7.80 8.79 8.38 8.61 8.55 8.34 8.31 8.89 8.54 
120-150 7.89 7.80 8.40 8.20 8.73 8.31 8.82 8.28 8.70 8.19 
Total cm of 
water in the 
0 to 150 cm 
soil depth 43.54 43.36 48.43 45.32 48.79 45.63 47.97 44.09 48.81 45.38 
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SECTION II. EFFECTS OF MACHINERY TRAFFIC, METHOD OF FERTILIZER 
APPLICATION, AHD TILLAGE ON NITHATE-NITROGEN LEACHING 
UNDER FIELD CONDITIONS 
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ABSTRACT 
In view of the concerns about machinery traffic, but lack of 
information, a study on the Interactions of various levels of soil 
compaction with nitrate-nitrogen (NO^-N) leaching, under soil and crop 
conditions of Iowa, was conducted. Two methods of fertilizer 
application, viz., knife applicator and point injector fertilizer 
applicator, were compared under both compacted and uncompacted soil 
conditions. Currently, nitrogen management by most farmers in Iowa 
can be represented by a single application (usually 150 kg/ha of 
NH^-N). Management schemes tested to improve the efficiency of 
nitrogen use include controlling fertilizer application rates, and the 
timing and number of applications. The mass balance of NO^-N and soil 
water content as a function of degree of compaction and method of 
fertilizer application are presented. 
Results indicate that lower application rates and multiple 
applications significantly decrease NO^-N leaching losses under 
different levels of ccspaction. Compaction reduced leaching, 
perhaps due to a lower infiltration rate and hydraulic conductivity; 
however, adverse effects of soil compaction in deteriorating soil 
structure, impeding root development and ultimately reducing crop 
yields, have to be weighed against the benefits acrued from soil 
compaction in terms of decreased NO^-N leaching and conceivably 
improved water quality. The point injector fertilizer applicator 
(PIFA) maintained higher amounts of NO^-N in the soil compared to the 
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knife applicator, both in single and multi-application, thus 
establishing its superior standing. 
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INTRODUCTION 
In recent years the relationship between agricultural production 
operations and water quality has become a major national concern in 
the United States. This is reflected in efforts to implement best 
management practices for controlling agricultural contributions to 
nonpoint source pollution. The efficient management of water and 
nitrogen is very important to agriculture to avoid nitrogen leaching 
losses and to adapt practices that will minimize losses of NO^-N from 
the crop root zone by leaching and minimizing denitrification losses 
and thus maximizing the use of applied fertilizer. 
Statistics show that the consumption of nitrogen fertilizers by 
U.S. farmers increased by an average of 4% a year for the 1969-1979 
period, increasing from 6.3 to 9.7 million metric tons/year (Am. Chem. 
Soc. , 1980). In the North Central Region, which has 82% of the U.S. 
corn acreage, the growth rate for N averaged 10.1% per year from 1960 
to 1980, with the average N application rate for corn in 1980 being 
139 kg/ha (124 Ib/ac) (Tennessee Valley Authority, 1981). However, a 
survey of management practices used by farmers in the Midwest who 
produced 12.6 t/ha (200 bu/ac) of corn showed that average N 
application rate was in excess of 224 kg/ha (Dibb and Walker, 1979). 
It is expected that the trend of increasing N use may continue as 
farmers strive for higher yields (Baker et al., 1985b). Data from 
another survey for Iowa, where 0.84 million metric tons of N were 
used in 1978, most of which was applied to corn (Zea mays L.; Voss, 
1980), show that row-crop area in one agricultural watershed increased 
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from 55% to 80% and that fertilization rates on corn increased from 
115 to 181 kg N/ha from 1960 to 1970. 
One of the important aspects of applied N is leaching loss as 
NO^-N, which is of environmental, economic, and energy-conservation 
concern. Baker et al. (1985a) reported that losses of nitrogen through 
leaching or denitrification of NO^-N can be substantial, particularly 
under wet conditions and when NO^-N in excess of crop needs is present 
in the soil. Pye and Patrick (1983) reported that about 50% of our 
drinking water comes from well water. The causes of groundwater 
pollution stem from both point and nonpoint sources. The effect of 
agricultural practices on groundwater quality is becoming an issue oE 
serious concern especially in the area of nitrogen pollution. 
However, Che extent of agricultural contribution of to both 
surface and groundwater is not completely known under trafficked and 
non-trafficked soil conditions. 
It has been estimated that only 50% of the fertilizer nitrogen is 
recovered m any one cropping year (Sartuolomew and Clark, 1965). 
Nitrogen leached out of the root zone may deteriorate the quality of 
groundwater. Surface and groundwater may under some conditions be 
adversely affected by the accumulation of nitrates resulting from the 
application of nitrogen fertilizer to agricultural lands. The 
biological-chemical transformations of nitrates are very complex in 
the soil-plant-water system. The microbiological reactions depend on 
temperature of soil porous media, pH, oxygen, water content, carbon 
content, and microorganism population (Bartholomew and Clark, 1965). 
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Thus, it is important to understand the mechanism of transport and 
transformations of nitrogen in the soil-plant system and accordingly 
to develop and implement fertilizer management programs such as the 
point injector fertilizer applicator (PIFA) for efficient use of 
nitrogen. 
Feigin et al. (1974) found experimentally that 80% of the 
nitrogen fertilizer applied as urea or ammonium-based form is 
nitrified within two weeks. Bartholomew and Clark (1965) mentioned 
that nitrogen moves in the soil only when it is in the form of 
nitrate, since nitrate is soluble and negatively charged. Beck and 
Frissel (1973) considered that nitrogen flow is caused by mass flow of 
water, diffusion and dispersion. 
Modern farming practices are increasing wheel traffic and loading 
on agricultural soil. Eriksson et al. (1974) estimated that over an 
entire crop year the accumulated traffic over the soil averaged 4 to 5 
times the soil surface area. During the past two decades, the size 
and weight of farm tractors and machines have increased with the 
growth in farm size. 
The use of heavy machinery and intensive agriculture is directly 
affecting the water-holding properties of the soil, and thus the 
leaching characteristics of soil. Devitt et al. (1976) reported that 
nitrate mavement through the soil is affected by soil profile 
characteristics. Several other researchers (Dick, 1983; Gold and 
Loudon, 1982; Juo and Lai, 1979; Taylor and Thomas, 1977; Mengel et 
al., 1982; Kitur et al., 1984) have attempted to look at the effects 
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of tillage systems on the nitrate distribution in the soil profile, 
but little work has been done to determine nitrate movement under 
trafficked soil conditions. 
The paramount importance of NO^-N leaching and its subsequent 
effects on groundwater quality, especially under the compacted soil 
condition, has led to the undertaking of this present study . 
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MATERIALS AND METHODS 
The study area was located in central Iowa at the Agricultural 
Engineering Research Center, 11 km west of Ames, Iowa. The soil in 
the experimental field was from the "Nicollet" (Experiment I) to 
"Webster" (Experiments II, III). The experimental field has been 
cropped with continuous corn (Experiment I) and corn-soybean rotation 
(Experiment II, III) since the late 1960s. 
One of the factors in studying the effects of the method of NO^-N 
application on com growth is the method of fertilizer application. 
Two methods of application, conventional application of NO^-N in 
liquid form (28% urea) using a knife applicator (Fig. 1) and a newly 
developed point injector fertilizer applicator (PIFA) (Fig. 2), were 
investigated. Because of the increasing trend towards conservation 
tillage in the United States, the experiment was conducted under no-
till, chisel-disk, and paraplow. In view of the concerns and lack of 
information about the way corn growth is affected by the traffic 
alongside a row, a factor named as "traffic" was included at two 
levels, that is, inter-row tracked and inter-row non-tracked. This 
part of the study was named "Experiment I." 
A second experiment, "Experiment II," included slightly 
different factors and levels than did Experiment I and was conducted 
on a different soil type. The factors and their levels in both 
experiments are given on the next page. 
To study the interaction of the method of fertilizer application 
Tahlp I. Pactors and Muffr r "I 
Experiment 1 Experiment II Experiment III® 
Factors Levels 
Tillage 1) no-till i) no-till 1) no-till 
li) cnisel-disk 11) chisel-disk 11) paraplow 
Traffic 1) non-tracked 1) non-t racked i) non-tracked 
11) tracked on one ii) tracked on one side 11) tracked on one 
side of the row of the row side of the row 
Hi) tracked on  both sides Hi) tracked on both 
of the row sides of the row 
Method of i) PIFA (100 kg N/ha) i) PIFA I (250^ kg N/ha) 1) knife (100 kg N/ha) 
Fertilizer 
Appllcat ion 11) knife (ItJO kg N/ha) 11) knife (250 kg N/ha) ii) PIFA II (25, 25, 50^ 
kg N/ha) 
ill) PIFA 11 (25, 25, 50*^ 
kg N/ha) 
^Experiment III was conducted only during 1986 crop season. 
^During the second growing season, the rates of single applications were reduced from 250 to 
100 kg N/ha. 
*^The 50 kg N/ha application could not be used due to field constraint during 1986. 
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Fig. 1. A conventional knife fertilizer applicator 
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(knife applicator and point injector fertilizer applicator (FIFA)) 
with the degree of soil compaction under two tillage systems, namely 
no-till and chisel-disk. The specific objectives are as follows; 
1) To compare the performance of methods of N-fertilizer 
application (FIFA and knife applicator) as a function of 
tillage and controlled-traffic treatments. 
2) To study the effect of traffic on NO^-N movement in soil 
under the two tillage systems, namely no-till and chisel-
disk, and 
3) To make management recommendations to maximize the N-
fertilizer utilization efficiency under trafficked soil 
conditions in order to maintain the quality of groundwater 
by reducing the leaching of NO^-N to the deeper horizon of 
the soil profile. 
It was decided to make multi-applications at intervals during the 
season. This time (1986) such applications were easy to make, as the 
high clearance tractor equipment with PIFA wheels (Fig. 3) was 
available. 
Experiment III was initiated in 1986 for studying the effect of 
the paraplow as contrasted to other tillage systems. The paraplow, a 
relatively new tillage tool in North America (Pidgeon, 1983), could 
affect infiltration differently than, say, a moldboard plow, chisel 
plow, or disk. This implement lifts the soil at an angle and then 
drops it back down, which cracks and loosens the soil, hopefully along 
natural patterns, but it does not invert the soil as does a moldboard 
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Fig. 3. High clearance tractor equipment with point injection 
fertilizer application (PIFA) 
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plow. This results in the soil being loosened but left with the 
residue cover similar to a no-till situation. Potentially, the 
increased storage and conductivity created by the soil loosening will 
persist longer because of protection by residue cover (Mukhtar et al., 
1985). 
Experiments II and III were started with the following 
objectives: 
1) To compare the effects of methods of fertilizer application 
(knife and PIFA) under no-till, chisel-disk, and 
paraplow. 
2) To study the treatments under two soil conditions with 
possibly varying amounts of residual NO^-N. 
3) To increase the understanding of response to treatments by 
applying them under different initial soil conditions. 
4) To check the newly adopted 5-row planting system at the 
Agronomy Agricultural Engineering Research Center under 
another level of traffic (no traffic on either side of the 
row). 
5) To compare single and multi-application by PIFA in 
Experiment II. This comparison was not possible in 
Experiment I due to area limitation at the site. 
With the factors and their levels discussed above, each 
experiment had a completely randomized factorial design. Each plot 
consisted of one planter pass in all three experiments. Field plans 
were prepared, and the experiments were started (in both fields) by 
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chiseling followed by disking in the designated plots; but for 
Experiment III tillage was performed just with one pass of the 
paraplow. Figure 4 indicates the way that levels of the factor 
"Traffic" were managed. In the plots with traffic on both sides 
(Experiments II, III), idle passes were made after tillage was 
completed. A John Deere 4020 tractor with tires at 150 cm centers was 
driven over the desired inter-rows (Fig. 5). 
Nitrogen fertilizer was applied in solution form at all three 
sites as per rates indicated earlier in the list of factors and their 
levels. In Experiment I, a single rate of application (100 kg N/ha) 
was used at planting time with both knife and PIFA applicators during 
1985/1986. During the first year in Experiment II, single rates of 
application (250 kg N/ha and 25 kg N/ha) were used with PIFA, a single 
application of 250 kg N/ha was used with the knife at planting, and 
the second and third PIFA applications of nitrogen were made on the 
15th and 30th day after planting, respectively. After fertilizer 
application, planting was dons with 4-rcw and 5-row corn planters (row 
spacing = 760 mm) in Experiment I and Experiments II and III, 
respectively. 
Although the most obvious effects of compaction are limited to 
the upper 30 cm soil depth (Abo-Abda et al., 1985), the background 
soil samples were taken in four 30 cm increments to 120 cm to 
determine the initial moisture contents and NO^-N concentrations in 
the soil profile before applying the fertilizer. Soil samples were 
also taken to five different depths (10, 20, 30, 40, and 50 cm) one 
wheel tracks 
row 
> , row used for plant measurements and yield 
penetrometer resistance measurement 
/\ bulk density measurement 
• 
soil sampling for nitrate-nitrogen and volumetric 
moisture content 
NT non-tracked zone 
T tracked zone 
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Fig. 5. Field plot layout showing treatment detail 
(5 rows planter system Experiment II, III) 
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day before the third application with smaller hand-driven probes (7.5 
in cm diameter). This was 45 days after planting. The soil samples 
were analyzed for NO^-N concentration and volumetric soil moisture 
content as discussed in Section I. These data were statistically 
analyzed using the SAS Package. 
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RESULTS AND DISCUSSION 
The soil sanqjles were analyzed in the laboratory for NO^-N 
concentrations and volumetric soil moisture contents. The field data 
are given in Appendix A. 
Effect of Different Factors on Volumetric Moisture Content 
Tables 2 and 3 indicate that in 1985 the volumetric moisture 
contents were higher in inter-row areas compared Co row areas., This 
difference ranged from 0.006 to 0.012 cm^/cm^. In 1986 (Table 4), a 
similar trend was observed. This was expected because of decreased 
macropores in the same inter-row areas due to tractor-induced 
compaction. 
The main effect of method of fertilizer application tested 
statistically significant at (P = 0.01). The volumetric moisture 
contents were 0.208, 0.232, and 0.254 (Table 2) for control, knife, 
and PIFA, respectively. The fertilized plots had higher moisture 
contents than che control plocs for some reasons noc obvious. 
Employment of Duncan's Multiple Range Test revealed that soil moisture 
was not statistically different for the knife and PIFA plots; however, 
PIFA plots generally had almost two percent higher soil moisture 
compared to the knife plots. A similar trend was observed in 
Experiment I, 1986 (Table 4). Again, PIFA plots maintained higher 
soil moisture content compared to the knife plots, and the differences 
were statistically significant in upper 10 cm soil depth (Table 7) 
PIFA maintained the highest soil moisture content perhaps caused by 
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this applicator. This suggests that PIFA can help maintain higher 
soil moisture content and consequently fulfill plant water 
requirements during drought periods because PIFA cause less soil 
disturbance and in turn less surface evaporation. 
The main effect of traffic was significant for volumetric moisture 
content. The compacted areas maintained higher moisture contents when 
values were averaged across the 0-50 soil profile studied (Tables 2-4). 
Greater moisture is held by the compacted soil due to reduced 
macroporosity and a lateral pull on water due to capillary action (Fig. 
2, Section I). 
The effect of tillage treatment on volumetric moisture content was 
not statistically significant in either Experiment I or II. However, 
the mean volumetric moisture contents were slightly higher in no-till 
plots (Tables 2-7). The lower volumetric moisture content level in 
tilled plots may be related to a greater rate of water evaporation 
from the soil surface. 
Effect of Different Factors on NO^-N Movement 
In general, the inter-row areas maintained higher NO^-N amounts 
compared to row areas (Tables 8-13). This was expected, because the 
fertilizer was applied in inter-rows; moveover, some inter-row plots 
were trafficked, and the trafficked zones maintain higher NO^-N due to 
reduced macroporosity and infiltration. The higher values in the 
inter-row may also be partly associated with higher volumetric 
moisture contents in the inter-row areas (Tables 2-7) discussed 
earlier. 
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The main effect of the method of fertilizer application was 
statistically significant at (P = 0.01) (Experiment I). 
The highest NO^-N amounts were found in the plots fertilized by PIFA 
(Table 8). The control plots indicate less NO^-N because of the 
obvious reason that no fertilizer was applied. However, the smaller 
amounts in the knife plots compared to PIFA plots are related to some of 
the following reasons: 
1) The PIFA injects the fertilizer into soil and leaves less 
chance for the fertilizer to escape to the atmosphere 
through evaporation, whereas in knife application, the 
furrow is wide open and some fertilizer lost due to 
denitrification as well as water runoff. 
2) The knife being operated in the inter-row area could offset 
the previous compaction effects and thus increase water 
infiltration and consequently, increase NO^-N leaching to 
the underground water. 
3) The PIFA and knife plots maintained 55 and 41 kg NO_-S/ha 
(average across rows and inter-rows), respectively, in the 
upper 50 cm of soil depth (Table 11) while control plots had 
29 kg NOg-N/ha at the same depth. In other words, the PIFA 
maintained 34% higher contents compared to the knife 
applicator, however, the availability of the additional 
nitrogen in PIFA plots to plant is yet to be investigated. 
The effect of traffic on NO^-N contents was not significant; 
however, mean values (Tables 8-13) indicate that tracked zones 
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maintained larger fertilizer contents compared to non-tracked zones. 
This was expected since compacted zones have less hydraulic 
conductivity, thus impeding the fertilizer movement. A reduction in 
hydraulic conductivity due to compaction has also been reported by 
Akram and Kemper (1979). The effect of compaction/track on NO^-N 
contents was significant in Section I of this study. Actually in 
Section I, the plots were covered after application and there were 
less losses of NO^-N due to denitrificiation and runoff. But in this 
experiment (Section II), denitrification, immobilization, plant 
uptake, evaporation, and runoff may have reduced total fertilizer 
contents in the compacted zones, and thus offset the effect of 
compaction that was observed in Section I. The average amounts of 38 
and 45 kg NO^-N/ha in non-tracked and tracked zones, respectively, 
(Table 11) suggest higher amounts of fertilizer present in tracked 
zones, but how much of this additional amount of fertilizer is 
available for plant growth was investigated in another experiment to 
be reported separately (in Section III). 
The effect of tillage was not statistically significant on NO^-N 
for inter-row areas (Experiment I). However, The mean values of NO^-N 
(Table 8) indicate that no-till plots maintained higher NO^-N contents 
compared to till plots. The higher NO^-N in no-till plots could be 
due to less evaporation from the surface of the soil which had more 
residue. 
In Experiment II, the effect of the method of application tested 
significant for NO^-N. As in Experiment I, plots with PIFA I (a single 
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application of 250 kg NO^-N/ha) maintained higher contents of NO^-N 
compared to a single application of the same amount of N with the knife 
applicator. This, once again, asserts the superior standing of the 
PIFA, even if a single application is made. 
As regards multi-application (PIFA II, Table 9), the fertilizer 
amounts available in the soil were less, since the total amount applied 
before sampling day was in the form of a 25 kg NO^-N/ha dose on planting 
day and another 25 kg/ha 15 days after planting. The amounts of NO^-N 
in the upper 50 cm of the soil (Table 12) indicate that knifed, PIFA I, 
and PIFA II plots maintain 104, 97, and 37 kg NOg-N/ha, respectively. 
The amount of NO^-N in these plots should be in the ratio of 1:1:0.2 
according to total amounts applied, whereas this ratio was found to be 
1:0.9:0.4. This indicates relatively very high NO^-N losses in knifed 
and single PIFA application plots. In other words, multi-application 
has an advantage of reducing overall leaching losses. A similar 
observation was recorded by Kanwar et al. (1985) that the NO^-N losses 
increased with time and amount of fertilizer applied. 
The main effect of traffic was not significant; however, higher 
NO^-N contents can be seen in tracked area (Tables b and 13) for the 
similar reasons and practical implications discussed earlier. 
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SUMMARY AND CONCLUSIONS 
Results indicate that lower application rates and multiple 
applications significantly decrease NO^-N losses under 
different levels of compaction. 
Compaction reduced NO^-N leaching due to lower infiltration 
rate and hydraulic conductivity; however, adverse effects of 
soil compaction in deteriorating soil structure, impeding 
root development, and ultimately reducing crop yields, have 
to be weighed against the benefits accrued from soil 
compaction in terms of decreased NO^-N leaching and 
conceivably improved water quality. 
The point injector fertilizer applicator (PIFA) maintained 
higher amounts of NO^-N compared to the knife applicator, 
when compared on the basis of per unit of fertilizer 
applied both in single and multi-applications, thus 
establishing its superior standing. 
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Table 2» Mean values of volumetric moisture content 30 days after planting for 
different factors and their levels averaged across 0-50 cm soil sampling 
depth (Experiment I, 1985) 
Factor Level Row Inter-Row 
HgO cra^/cm^ - -
Method of Application Knife 
PIFA 
Control 
0.226 
0.244 
0.197 
0.232 
0.254 
0.208 
Traffic Non-tracked 
Tracked 
0.202 
0.232 
0.215 
0.248 
Tillage No-till 
Till 
0.222 
0.212 
0.241 
0.222 
Table 3. Mean values of volumetric moisture content 33 days after planting for 
different factors and their levels averaged across 0-50 cm soil sampling 
depth (Experiment II, 1985) 
Factor Level Row Inter-Row 
HgO cm^/cm^ - -
Method of Application Knife 
PIFA I 
PIFA II 
Control 
0.264 
0.271 
0.266 
0.280 
0.282 
0.283 
0.270 
0.281 
Traffic Non-tracked 0.242 
Tracked (one pass) 0.285 
Tracked (two passes) 0.291 
0.251 
0.290 
0.297 
Tillage No-till 
Till 
0.272 
0.271 
0.280 
0.276 
Table 4• Mean values of volumetric moisture content 45 days after planting for 
different factors and their levels averaged across U-50 cm soil sampling 
depth (Experiment I, 1986) 
Factor Level Row Inter-Row 
llgO cm^/cm^ - -
Method of Application Knife 
PIFA 
Control 
0.338 
0.339 
0.319 
0.329 
0.338 
0.332 
Traffic Non-tracked 
Tracked 
0.337 
0.335 
0.320 
0.341 
Tillage No-till 
Till 
0.337 
0.340 
0.338 
0.327 
Table 5. Average volumetric moisture content 30 days after planting in upper 50 era 
of soil depth, (Experiment 1, 1985) 
Traffic Tillage Control 
Row Inter-row 
Method of fertilizer application 
Knife PIFA Average 
Row Inter-row Row 
3 3 
HgO cm /cm 
Inter-row 
Non-tracked Non-till 0.214 
Till 0.168 
0.229 0.188 0.193 0.241 0.253 0.219 
0.189 0.204 0.197 0.223 0.226 0.201 
Tracked No-till 0.193 0.220 0.246 0.272 0.273 0.277 0.247 
Till 0.204 0.199 0.261 0.265 0.240 0.263 0.239 
Average 0.196 0.209 0.225 0.231 0.244 0.255 
Table 6. Average volumetric moisture content 33 days after planting for different factors and 
their levels average across soil sampling depth, (Experiment II, 1985) 
Traffic Tillage Control Knife PIFA I Plt'A II Average 
Row Inter-row Row Inter-row Row Inter-row Row Inter-row 
3 3 
- - - - - - - - - - - -  H g O  c m  / c m  - - - - - - - - - - - -
Non-tracked No-till 
Till 
Tracked No-till 
(one pass) Till 
Tracked No-till 
(two passes) Till 
Average 
0.229 0.236 0.239 
0.261 0.257 0.232 
U.316 0.311 0.277 
0.291 , 0.286 0.289 
0.306 0.303 0.270 
0.302 0.298 0.295 
0.284 0.281 0.267 
0.245 0.261 0.275 
0.250 0.212 0.232 
0.280 0.295 0.288 
0.309 0.284 0.303 
0.299 0.282 0.298 
0.313 0.291 0.299 
0.283 0.271 0.283 
0.242 0.238 0.246 
0.237 0.244 0.241 
0.277 0.277 0.290 
0.258 0.259 0.285 
0.273 0.256 0.286 
0.310 0.315 0.302 
0.266 0.265 
Table 6. Mean values of volumetric moisture content 45 days after 
planting for different factors and their levels (Experiment 
I, 1986) 
Method of Fertilizer 
Depth of 
Soil Control Knife PIFA 
Inter- Inter- Inter-
Row Row Row Row Row Row 
cm 
0 - 1 0  0.272 0.287 0.296 0.290 0.293 0.296 
10 - 20 0.311 0.320 0.323 0.315 0.344 0.339 
20 - 30 0.339 0.342 0.364 0.351 0.340 0.348 
30 - 40 0.331 0.357 0.346 0.346 0.357 0.358 
40 - 50 0.343 0.355 0.360 0.344 0.359 0.350 
0 - 5 0  0 . 3 1 9  0 . 3 3 2  0 . 3 3 8  0 . 3 2 9  0 . 3 3 9  0 . 3 3 8  
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Tillage 
Traffic 
Tracked Non-tracked No-till Chisel-disk 
Plow 
Inter- Inter- Inter- Inter-
Row Row Row Row Row Row Row Row 
(HgO cm^/cm^) 
0.331 0.335 0.260 0.251 0.296 0.307 0.293 0.279 
0.341 0.345 0.327 0.301 0.336 0.335 0.330 0.311 
0.321 0.345 0.374 0.353 0.350 0.363 0.355 0.336 
0.347 0.334 0.356 0.346 0.343 0.350 0.360 0.351 
0.348 0.346 0.370 0.349 0.358 0.336 0.361 0.358 
0.335 0.341 0.337 0.320 0.337 0.338 0.340 0.327 
Table 8» Mean values of nitrate-nitrogen content 30 days after planting for 
different factors and their levels averaged across 0-50 cm soil sampling 
depth (Experiment I, 1985) 
Factor Level Row Inter-Row 
kg (NOg-N)/ha 
Method of Application Knife 6.1 10.1 
PIFA 9.1 12.9 
Control 4.6 6.9 
Traffic Non-tracked 5.9 9.2 
Tracked 7.3 10.8 
Tillage No-till 6.4 10.1 
Till 6.8 9.8 
Table 9. Mean values of nitrate-nitrogen content 33 days after planting for 
different factors and their levels averaged across 0-50 cm soil sampling 
depth (Experiment II, 1985) 
Factor Level Row Inter-Row 
- - - - -kg(NOg-N)/ha- - -
Method of Application Knife 
PIFA I 
I'IFA II 
Control 
17.4 
9.8 
7.4 
3.3 
24.2 
29.0 
8.2 
5.4 
Traffic Non-tracked 3.7 
Tracked (one pass) 11.9 
Tracked (two passes) 12.7 
16.8 
20.5 
19.0 
Tillage No-till 
Till 
9.9 
8.9 
17.0 
16.8 
Table 10. Mean values of nitrate-nitrogen content 45 days after planting for 
different factors and their levels averaged across 0-50 cm soil sampling 
depth (Experiment I, 1986) 
Factor Level Row Inter-Row 
IlgO cm^/cm^ - -
Method of Application Knife 
FIFA 
Control 
3.7 
4.7 
3.2 
12 .2  
17.9 
2.9 
Traff ic Non-tracked 
Tracked 
4.3 
4.2 
14.U 
1 6 . 2  
Tillage No-till 
Till 
4.1 
4.4 
15.7 
14.5 
Table 11. Average nitrate-nitrogen content 30 days after planting in upper 50 cm of soil 
depth, (Experiment 1, 1S)85) 
Traffic Tillage Control 
Row Inter-row 
Method of Fertilizer Application 
Knife PIFA Average 
Row Inter-row Row Inter-row 
kg (NOg-N/ha) 
Non-tracked No-till 22.9 23.1 25.8 47.0 37.7 64.8 36.9 
Till 20.7 33.5 32.9 64.6 36.6 41.9 38.4 
Tracked No-till 23.3 39.7 38.1 57.1 45.3 71.4 45.8 
Till 25.0 41.1 24.8 33.6 62.8 80.0 44.6 
Average 23.0 34.4 30.4 51.6 45.6 64.5 
Table 12. Mean nitrate-nitrogen content 33 days after planting for different factors and their 
levels averaged across soil sampling depth, (Experiment II, 1985) 
Traffic Tillage Control Knife PIFA I PIFA II Average 
Row Inter-row Row Inter-row Row Inter-row Row Inter-row 
- - - - - - - - - - - - k g  N O g - N / h a  - - - - - - - - - - - -
Non-tracked 
Tracked 
(one pass) 
Tracked 
(two passes) 
Average 
No-till 18.2 
Till 9.1 
No-till 22.8 
Till 22.7 
No-till 16.4 
Till 12.1 
16.9 
44.2 36.2 
9.9 14.6 
25.9 100.7 
30.2 70.6 
29.8 35.8 
20.3 26.3 
26.7 85.9 
70.5 18.6 
142.2 21.5 
141.0 147.5 
84.9 22.8 
151.6 48.0 
136.1 35.8 
121.1 49.0 
117.0 19.5 
57.7 13.0 
209.8 38.9 
200.0 34.2 
84.3 76.9 
201.4 19.7 
145.0 33.7 
25.4 43.7 
55.1 40.4 
72.1 94.8 
19.7 60.6 
33.4 59.5 
34.4 90.4 
40.0 
Table 12. Mean values of nitrate-nitrogen content 45 days after 
planting for different factors and their levels 
(Experiment I, 1986) 
Method of Fertilizer 
Application 
Control Knife PIFA 
Soil Depth- Row Inter-
Row 
Row Inter-
Row 
Row Inter-
Row 
— — cm — — 
0 - 1 0  2.9 2.5 3.6 6.9 4.7 27.4 
10 - 20 2.5 2.8 3.1 11.8 3.9 25.1 
20 - 30 2.9 3.0 2.8 14.1 4.0 18.1 
30 - 40 3-8 3.2 4.7 14.5 5.9 8.7 
40 - 50 3.7 2.9 4.5 13.8 5.2 10.5 
0 - 5 0  15.8 14.4 18.7 61.1 23.7 89.8 
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Fertilizer Applied Tillage 
Tracked Zone Non-tracked No-Till Till 
Zone 
Row Inter- Row Inter- Row Inter- Row Inter-
Row Row Row Row 
-(kg NOg-N/ha) 
4.9 18.1 3.3 16.1 4.8 18.9 3.4 15.6 
4.0 19.7 3.1 17.2 3.9 20.9 3.1 15.9 
3.4 16.6 3.4 15.6 3.2 13.2 3.7 19.0 
4.5 9.1 6.1 14.1 4.8 12.4 5.9 10.7 
4.2 17.5 5.5 6.9 3.8 12.9 6.1 11.4 
21.0 81.0 21.4 69.9 20.5 78.3 22.2 72.6 
Table |4. Background nitrate-
of soil profile 
-nitrogen content (one day before planting) in upper 120 cm 
Experiment I Experiment II 
Tracked Non-tracked Tracked Non-tracked 
Soil Uepth 
"l *2 "l *2 *1 *2 "l «a' 
(cm) kg(NO^-N)/ha - - - - -
0-30 25.5 23.3 23.9 24.7 36.7 28.3 44.4 34.8 
30-60 24.5 18.1 11.8 19.8 27.3 25.7 23.7 41.8 
60-90 8.3 3.1 7.3 6.4 21.3 16.7 19.6 7.9 
90-120 6.5 2.1 7.2 4.6 7.3 8.7 4.5 5.5 
0-120 64.8 46.7 50.2 55.5 92.8 79.4 92.9 90.0 
and repeats. 
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SECTION III: EFFECT OF MACHINERY TRAFFIC, METHOD OF 
FERTILIZER APPLICATION, AND TLLAGE SYSTEMS 
ON SOIL PHYSICAL PROPERTIES AND PLANT RESPONSE 
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ABSTRACT 
Effects of tillage systems, methods of fertilizer application, in 
combination with machinery traffic treatment, on crop growth 
parameters and soil physical properties were studied for two cropping 
seasons under two soil types varying in initial soil conditions. 
Tillage systems included no-till, chisel-disk, and paraplow, a newly 
introduced tillage implement in the United States. Fertilizer methods 
consisted of a knife applicator and single/multi-applications with a 
point injector fertilizer applicator (PIFA). The traffic treatments 
included traffic along both, one, and neither side of the com row. 
PIFA performed better as compared to the conventional knife 
applicator. This was reflected in terms of crop responses. Moderate 
compaction helped to reduce fertilizer loss to lower soil depths and 
in turn improved crop growth. Uneven soil conditions in the 
paraplowed plots resulted in poor emergence. Compacted zones 
indicated high soil penetration resistance, bulk density, as well as 
higher volumetric moisture contents, in the upper 25-30 cm. No-till 
plots had higher soil strength conçared to other tillage systems. In 
1985 the corn yield decreased by about 30% when the fertilizer applied 
was decreased from 250 kg N/ha to 100 kg N/ha. The multi-applications 
(with PIFA) of 25, 25, and 50 kg N/ha yielded 10% less corn compared 
to a single knife application of 250 kg N/ha. 
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INTRODUCTION 
The use of heavy tractors and tillage implements during the time 
of unfavorable soil conditions can produce soil compaction in the top 
layer and the subsoil. Using the traditional seed-bed preparation, up 
to 90% of the field is covered with tracks of wheels (Soane and 
Pidgeon, 1974). The effects of these tracks on the physical, 
chemical, and biological soil characteristics as well as on yield and 
quality of field crops are often disregarded. Powerful tractors often 
tempt a farmer to perform tillage in periods when soil conditions are 
unfavorable. 
Wheeled vehicles are showing a marked upward trend in power and 
mass. McKibben (1971) reports that the average mass of tractors 
increased from 2.7 t in 1948 to 4.5 t in 1968; since then the average 
power of tractors has been rising at about 5-7% per year. Dvortsov 
and Polyak (1979) show that the average power of tractors in the U. S. 
increased by approximately 30% over the decade 1965-1975. As the size 
and weight of tractors and machines have increased, soil compaction 
has also increased. 
The options for reducing the mass of farm machinery have been 
under consideration for many years. Amos (1918) considered that heavy 
tractors (3-5 t) "may do untold damage" to the soil, especially to 
fine-textured soils, when wet. He advocated the use of steel instead 
of iron to reduce the mass of tractors. Although his advice was 
adopted, the demand for greater power and range of travel speeds 
during the past 20 to 30 years has given rise to machines three or 
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four times heavier than the tractors with which Amos was concerned. 
Sheesley et al. (1974) estimate that in California, wheels of 
harvesting equipment cumulatively cover 75% of the area harvested at 
each cutting. Many parts of a field will be subjected to up to 20 
wheel passes a year. 
The use of 2-wheel drive for tractors over 60 kW is considered 
to be a potential cause of increased compaction as a result of both 
high contact pressure and excessive slip at high draught (Soane et 
al., 1982). 
Compaction from wheel traffic has often been found to adversely 
influence all stages of crop growth, responses being particularly 
marked in the early phases of establishment. However, in some 
situations crop responses to compaction are positive. In both cases 
crop responses show marked interaction with weather conditions, 
particularly water status, during the growing period of the crop. 
There is positive evidence that excessive compaction of soils reduces 
crop yield and increases water runoff and soil erosion (Soane et al=, 
1982). 
In the United States the annual losses in crop yields due to soil 
compaction have been reported to be $1.80 million (Gill, 1971). 
Sheesley and Grimes (1977) calculated that comparatively minor 
modifications to the wheel traffic patterns in alfalfa fields in 
California could result in an increased annual income of about $63 
million a year or $157/ha for the farmers concerned. Saveson et al. 
(1961) showed a $50 per acre savings by subsoiling in order to remove 
103 
soil compaction. Compaction prevention should provide the same 
savings plus the elimination of a $10 per acre cost for subsoiling. 
Machinery traffic and the compaction it produces can change 
several physical soil properties such as porosity, density, and 
strength of the soil, which, in turn, affect the content and movement 
of air, water, heat, and nutrients in the soil (Raney, 1971). For 
instance, compaction reduces soil porosity and thereby deteriorates 
soil aeration by curtailing the exchange of air from the root zone 
with air from the surface. Further, compaction increases soil 
density, but this increase is primarily a function of soil moisture 
content and the pressure applied and number of passes made by 
machines. 
Machinery operations carried out on wet fields can result in very 
dense subsoil (Soane, 1970). These resultant hard, impervious 
subsoils obstruct water flow and root penetration, to say nothing of 
increasing the runoff and erosion losses. In addition, compaction 
changes the void size distribution of soils and thus affects the water 
transmission and retention characteristics. For example, a very dense 
soil (most void spaces smaller than 0.003 mm in diameter) would be 
detrimental to plant growth because it drains slowly, has a low water 
storage capacity and requires a prohibitively high suction to extract 
water (McKyes et al., 1979). Compaction also increases soil strength, 
which impedes root growth, and poor root growth results in low crop 
yields (Taylor and Burnett, 1964). 
In an attempt to reduce the compaction caused by large equipment. 
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manufacturers are using larger tires to maintain soil-tire contact 
pressure equal to or less than that of smaller machines. Soehne 
(1958) reported these types of changes may not change the compaction 
at the soil surface significantly, but extends the compaction over a 
greater area both in width and depth. He suggested that the soil 
pressures in the upper soil layers are determined by the tire contact 
pressure while pressures in the subsoil are determined by total axle 
load. Similar empirical results were obtained by Cooper et al. (1957) 
using strain gage cells in the soil. Taylor et al. (1978) evaluated 
the effect of two agricultural tractor tires of different size with 
the same soil contact pressure. The larger tire, having a greater 
load, caused higher soil pressures at 18, 30, and 50 cm soil depths 
although soil bulk density did not vary with soil pressure. More 
recently, Taylor (1982) reported compaction pressure in the upper 
soil layer was determined by the specific pressure at Che surface 
which is dependent on tire inflation pressure and soil deformation, 
and he also suggested subsoil compaction was determined by total axle 
load. 
The effect of subsoil compaction on crop yield and plant 
development has been the subject of numerous studies. Wittsell and 
Hobbs (1965) found subsurface compaction reduced wheat yields more 
than surface compaction. Gaultney et al. (1982) observed corn yield 
reductions of nearly 50% in a relatively wet growing season. Gameda 
et al. (1985) found a yield reduction in corn due to subsoil 
compaction on clay and loam soil which resulted from high axle loads. 
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In another study, Schuler and Lowery (1984) found reduced com yield 
and plant height caused by subsoil compaction in soils e>q>osed to high 
axle loads. 
Since excessive subsoil compaction caused yield reductions, the 
effectiveness of seasonal freezing and thawing as a means of 
ameliorating compaction becomes of interest. From a Minnesota study, 
Blake et al. (1976) noted that bulk density and penetrometer 
resistance was higher on compacted subsoil than in noncompacted 
subsoil after the action of natural forces over ten seasons. Voorhees 
(1983) reported the natural forces had a limited effect on alleviating 
wheel-induced soil compaction in the plow layer of a clayey soil. In 
a more recent report, Voorhees et al. (1986) indicated that subsoil 
compaction effects persisted after four seasons of freezing in 
Minnesota. 
Compaction of agricultural soil has been a matter of concern to 
farmers, equipment manufacturers, and agricultural researchers for 
many years. Compaction has been linked with impaired crop yields 
(Raghavan et al., 1978a; Singh et al., 1980; Taylor et al., 1978; 
Flocker et al., 1958; Blocker et al., 1960; and Flocker et al., 1959), 
with problems of irrigation, water infiltration, and drainage (Douglas 
and McKyes, 1978; Dechnik et al., 1982; Rosenberg and Willits, 1962; 
Vomocil et al., 1958; and Blake et al., 1976); and with increased 
tillage forces as well as increased cloddiness of soil (Voorhees et 
al., 1978; Gill, 1971; and Flocker, 1976). The agricultural equipment 
industry has tended to meet buyer demand for larger units which. 
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besides having higher capacity, apply higher loads, higher pressures, 
and higher soil-working forces to the soil with which they interact. 
Although the relationship between soil compaction and the use of 
agricultural equipment is being quantified, many features of this 
relationship are dependent on the characteristics of the particular 
soil involved and on specific physical parameters of the equipment 
employed. For this reason, more information on equipment-plant-soil 
compaction relationships is needed. 
In order to reduce or eliminate soil compaction, several methods 
are at the anvil of research these days. Among these, soil management 
is generally emphasized. As regards soil management, use of organic 
and inorganic fertilization is of considerable importance because it 
has a definite interaction with soil compactability due to traffic. 
For instance, the stability of soil aggregates is in close relation to 
the soil humus content. So on plots with a rather high humus content, 
compaction in tracks of tractor wheels is much less than on plots with 
a low humus content. That applies also to the differences in yield 
between compacted and not compacted areas on the experimental plots 
(Franken, 1982). Fausey and Dylla (1984) reported that with adequate 
fertilizer, yields of corn and soybeans from rows along wheel tracks 
were equal to those from untracked areas with no nitrogen fertilizer; 
com yields were significantly lower from unfertilized rows along 
wheel tracks. 
In view of the possible interaction of fertilizer with soil 
compactability, the present study was undertaken with the following 
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objectives: 
To study the interaction of method of fertilizer application 
(knife applicator and point injector fertilizer applicator (PIFA)) 
with soil compaction under three tillage systems, namely no-till and 
chisel-disk and paraplow, a newly introduced tillage tool in North 
America, which loosens the soil but does not invert it. The specific 
objectives are: 
1) To compare the performance of methods of nitrogen 
fertilizer application (PIFA and knife application) as a 
function of tillage and controlled-traffic treatments, 
2) To study the effect of traffic on nitrate-nitrogen movement 
in the soil under the three tillage systems, namely no-till 
and chisel-disk and paraplow, 
3) To make management recommendations to maximize the nitrogen 
fertilizer utilization efficiency under trafficked soil 
conditions in order to maintain the quality of ground water, 
and 
4) To study the effects of the above tillage and fertilizer 
application methods on soil physical properties and crop 
responses. 
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MATERIALS AND METHODS 
The details of the factors and their levels included in this part 
of the investigation has already been discussed in Materials and 
Methods in Section II (page 61). However, the effects of the 
different treatments on crop responses and soil physical properties 
are the subject of this section. 
During the growing season, the number of days required for 
emergence and plant tasseling were noted. Plant heights were also 
recorded. For plant height measurements, five random numbers were 
generated in the range of 1 to 50. In accordance with these numbers, 
five plants were located for measurement starting from one side of the 
desired row; the plant height was measured from the ground to the 
highest completely unfolded leaf. For plant dry matter weight, five 
plants were randomly selected, cut at ground level, chopped into 
smaller pieces, and weighed before and after drying at 66 °C for 72 
hours. After the crop had matured, the grain from 12 m in the middle 
row of each plot were harvested; and the total plant yield and grain 
moisture were calculated. In order to avoid boundary effects, all the 
plant growth measurements were taken from the middle 12 m of the row. 
Soil bulk densities were measured in two locations (row and inter-
row) in each plot at depths from 5 cm to 60 cm, using a power sampler 
developed by the Agricultural Engineering Department, Iowa State 
University (Buchele, 1961) (Fig. 1). The volumetric moisture contents 
and bulk density were determined after drying, samples at 105 C for 24 
hours. 
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A hand-held penetrometer (Digital Force Gauge, DFG-100 Chatillon) 
was used to measure the penetration force on a 30 degree, 12.83 mm 
base diameter, stainless steel cone. Depth was estimated from notches 
5.0 cm apart on the shaft (9.5 mm diameter) of the penetrometer. 
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Fig. 1. Power sampler for soil bulk density measurements 
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RESULTS AND DISCUSSION 
Measurements made on various effects of tillage systems, 
fertilizer methods, and compaction treatments were statistically 
analyzed using a SAS package. The field data on various effects are 
given in Appendix B. 
Effects of Method of Fertilizer Application on Plant Growth 
To compare the newly developed point injector fertilizer 
applicator (PIFA) with a conventional knife applicator, several 
effects/responses of corn growth were monitored during the two 
cropping seasons. 
During 1985 (Experiment I), the effect of method of fertilizer 
application (the fertilizer was applied in the middle between two rows 
76 cm apart) did not have any statistically significant effect on rate 
of emergence (Table 1). In the crop season (Experiment 1), again, 
there were no statistical differences between the methods of 
fertilizer application on emergence. 
In 1985 (Experiment II), the main effect of method of fertilizer 
application on rate of emergence was significant at 10% probability 
level (Table 2). Employment of Duncan's Multiple Range test further 
revealed that the PIFA II plots with 25 kg î5/ha had significantly 
lower emergence compared with other plots with single applications of 
25 kg N/ha, either with PIFA or knife applicator. This difference in 
percent emergence was higher in the beginning, narrowed later, and 
ceased to exist on the completion of germination. A similar response 
Table 1. Effects of method of fertilizer application, machinery traffic, and tillage on mean 
percent emergence 
Day after Method of fertilizer Fertilizer applied on Tillage 
Planting application 
PIFA Knife Non-tracked zone Tracked zone No till Till 
-percent-
(Experlment I, 1985) 
10 65 62 63 64 49 77** 
12 67 63 64 65 50 79** 
15 69 66 66 68 52 81** 
17 70 68 68 69 54 83** 
19 71 68 68 70 55 84** 
28 72 69 70 71 56 84** 
31 73 71 71 72 58 85** 
(Experiment 1, 1986) 
7 80 79 78 81 80 79 
8 86 88 86 88 89 85 
10 90 91 89 92 92 89 
13 96 95 90 92 93 91 
**Signifleant at 0.05 probability level. 
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Table 2. Effects of method of fertilizer application, machinery 
traffic, and tillage on mean percent emergence 
Day after Method of Fertilizer 
Planting Application Traffic^ Tillage 
PIFA II PIFA I Knife T^ T3 No-till Till 
-  - - - - - - - - - -  P e r c e n t  - - - - - - - - - - - -
(Experiment II, 1985) 
10 77 81 81* 80 81 79 79 81 
12 82 86 88* 85 86 86 85 87 
15 90 89 92 90 90 91 90 91 
17 94 95 95 94 95 94 94 97 
(Experiment II, 1986) 
7 82 88 87* 84 87 87 84 88* 
8 86 91 91* 88 90 89 87 91* 
10 87 92 92* 90 91 91 89 92* 
13 88 93 93* 
(Expcrimssnt 
90 
III 
92 
, 1986) 
91 90 93* 
7 80 81 79 84 79 81 80 
8 83 83 81 85 83 84 83 
10 85 83 82 88 84 85 85 
13 86 — ' 85 83 88 85 87 85 
non-tracked on either side of row. 
T^ tracked on one side of row. 
Tj tracked on both sides of row. 
*Significant at 0.10 probability level. 
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of emergence to method of fertilizer application was again in evidence 
during 1986 (Experiment II). 
The reason for a relatively poor emergence response of PIFA II (25 
kg N/ha) is obviously a lower amount of fertilizer applied and 
consequently a smaller amount of fertilizer available to young plants, 
whereas in 1986 (Experiment III) (Table 2) the lower rate of application 
(25 kg N/ha) was not statistically different from higher application of 
100 kg N/ha. The exact reason for this response is not obvious; 
however, it might be associated with the interaction of fertilizer with 
initial soil condition. In Experiment III, the paraplow was used for 
cultivation instead of chisel-disk in Experiments I and II. 
The mean plant heights measured on several different dates after 
planting are presented in Tables 3 and 4. In 1985 (Experiment I), 
there were no statistical differences between mechod of fertilizer 
application on plant heights; however, heights were slightly higher in 
PIFA plots. This may be associated with earlier emergence in the PIFA 
plots and/or better availability of the applied fertilizer at this 
stage of the crop. On one out of three dates, the effect of PIFA 
application on plant height was statistically significant during 1986 
(Experiment I). Once again it suggests that nutrient availability to 
plants was, perhaps, improved in the plots fertilized with PIFA. 
In Experiments II and III (Table 4), the effects of multi-
applications of fertilizer on plant heights were statistically lower 
than the single applications of higher amounts of fertilizer right 
after planting. 
Table 3- Effects of method of fertilizer application, machinery traffic, and tillage on mean plant 
height 
Day after Method of fertilizer Fertilizer applied on Tillage 
Planting application 
PIFA Knife Non-tracked zone Tracked zone No till Till 
(cm) 
(Experiment I, 1985) 
47 55 55 56 53 57 52 
76 160 156 159 157 162 154* 
88 165 162 160 163 168 158* 
(Experiment I, 1985) 
55 103 96* 99 100 98 101 
73 129 125 126 128 124 130 
82 187 184 185 186 186 185 
*Significant at 0.05 probability level. 
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Table 4. Effects of method of fertilizer application, machinery 
traffic, and tillage on mean plant heights 
Day after Method of Fertilizer 
Planting Application Traffic^ Tillage 
PIFA II PIFA I Knife T^ T^ No-till Till 
(cm) 
(Experiment II, 1985) 
47 53 58 54* 56 56 54 54 56 
76 162 166 165 165 166 164 164 166 
88 170 174 176 174 175 171 173 175 
(Experiment 11, 1986) 
56 104 116 115* 112 112 111 112 114 
75 152 156 150 151 157 150 150 152 
82 166 175 164 168 173 165 167 170 
(Experiment III, 1986) 
56 118 - 120 119 121 117 115 123 
75 151 - 152 151 153 150 147 157 
82 162 - 170 175 162 160 159 174 
non-tracked on either side of row. 
T^ tracked on one side of row. 
Tj tracked on both sides of row. 
*Significant at 0.10 probability level. 
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Table 4 also indicates that, possibly, the single application 
with PIFA had a desirable effect on plant heights compared with single 
application with knife applicator and/or multi-applications with PIFA 
II. There are two possible explanations for the desirable effects of 
single PIFA application compared with knife application. Firstly, as 
the knife applicator left a channel behind it, the chances for losing 
fertilizer through water runoff in the channel were enhanced. 
Secondly, the tilling effect of knife applicator may increase 
infiltration and in turn the leaching of NO^-N to lower soil profiles. 
The dry matter weight was measured on two dates in each of the 
experiments during the two growing seasons. In 1985 and 1986 
(Experiment I) (Table 5), the dry matter weight was generally higher 
by 5-10% in the PIFA plots. On one of the dates during 1986, the dry 
matter weights were statistically higher for PIFA compared to knife 
applicator at 10% probability level. A better response of PIFA plots 
may be associated with the same reasons as discussed earlier for 
heights. In Experiments 11 and III, the multi-application IFIFA II) had 
lower dry matter weights (Table 6), but this was statistically 
significant only for Experiment III. Similarly the effect of a single 
application with PIFA appeared to be desirable compared to knife 
application in 1985. In Experiment III, the dry matter weight for a 
single application was significantly higher compared to multi-
application; the difference was in the order of 10-15%. 
Tasseling rates as affected by various fertilizer treatments were 
also recorded on several consecutive dates in all three experiments. 
Table 5. Effects of method of fertilizer application, machinery traffic, and tillage on mean dry 
matter weight 
Uay after 
Planting 
Method of fertilizer 
application 
PIFA Knife 
Fertilizer applied on 
Non-tracked zone Tracked zone 
Tillage 
No till Till 
(Experiment I, 1985) 
48 41 40 37 44 41 40 
63 lUl y6 94 103 90 106 
(Experiment 1, 1986) 
58 120 107 113 114 106 120* 
82 160 147* 148 160* 152 155 
*Slgnlfleant at 0.10 probability level. 
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Table 6. Effects of method of fertilizer application, machinery 
traffic, and tillage on mean dry matter weight (g/plant) 
Day after Method of Fertilizer 
Planting Application Traffic^ Tillage 
PIFA II FIFA I Knife T^ T^ T^ No-till Till 
(g/plant) 
(Experiment II, 1985) 
41 31 33 32 34 34 28 29 35** 
56 76 90 76 82 83 78 77 85** 
67 134 156 141 146 146 139 133 154** 
(Experiment II, 1986) 
59 110 107 113 119 117 97* 108 114* 
83 157 177 174 180 180 152* 169 171 
(Experiment III , 1986) 
59 111 - 118* 120 121 96*** 111 131 
83 150 - 170** 158 166 156 159 160 
non-tracked on either side of row. 
T^ tracked on one side of row. 
T^ tracked on both sides of row. 
*Significant at 0.10 probability level. 
**Significant at 0.05 probability level. 
***Significant at 0.01 probability level. 
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Tasseling is a good indicator of plant maturity. There were no 
statistical differences in the percent plants tasseled In the plots 
having single applications with either PIFA or knife in Experiment I 
(1985 and 1986) (Table 7). However, the PIFA plots experienced slightly 
earlier tasseling; this may be due to earlier emergence in PIFA plots, 
which is being reflected at this stage of the crop. It may also be 
associated with better availability of nutrients to plants in the plots. 
The variations never exceeded 8% in tasseling rates of PIFA plots 
compared with those having knife application, and the differences were 
not statistically significant. 
In Experiment II, the single applications of 250 kg N/ha with 
both the PIFA and the knife had significantly better performance in 
tasseling rate compared to multi-applications of 25 kg N/ha twice 
during the season (Table 8). This was for the obvious reason that 
fertility level was high in the plots with higher fertilizer 
application rate. This trend was the same during the two growing 
season for both Experiments II and III, suggesting that the 25 kg 
N/ha applied twice was quite a small amount to compare with the single 
application of 250 and/or 100 kg N/ha at planting time. 
During 1985, the average corn yields were 4 and 6 percent higher 
in Experiment I and II respectively in PIFA plots compared with knife 
application of a similar fertilizer dose. However, these differences 
were not statistically significant. A comparison of Experiments I and 
II for 1985 reveals that the corn yields decreased by about 30% when the 
fertilizer applied was decreased from 250 kg N/ha to 100 kg N/ha. The 
Table 7. Effects of method of fertilizer application, machinery traffic, and tillage on mean 
percent plant tasseled 
Day after Method of fertilizer Fertilizer applied on Tillage 
Planting application 
PIFA Knife Non-tracked zone Tracked zone No till Till 
Experiment I, 1985) 
50 1 1 1 1 I 1 
55 5 4 3 6 6 2 
58 12 10 5 16 14 7 
62 52 51 49 54 44 59 
65 70 68 65 73 55 83* 
70 73 73 69 78 59 88** 
(Experiment I, 1986) 
59 46 52 43 55 44 53 
61 59 55 51 63 55 59 
64 83 77 80 80 81 78 
70 92 84 87 89 89 87 
*Signlficant at 0.1 probability level. 
**Signifleant at 0.05 probability level. 
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Table 8. Effects of method of fertilizer application, machinery 
traffic, and tillage on mean percent plant tasseled 
Day after Method of Fertilizer 
Planting Application Traffic* Tillage 
PIFA II PIFA I Knife T^ T^ No-till Till 
---------- - (percent) - - - - - -
(Experiment II, 1985) 
50 78 82 80 81 87 79 79 84 
55 88 89 92 90 92 87 88 91 
58 94 93 95 93 95 94 94 94 
62 95 95 96 96 96 94 95 96 
(Experiment II, 1986) 
60 34 38 42* 40 42 33 37 39 
63 55 72 72* 64 71 63 62 70 
66 78 86 87* 83 85 83 82 85 
70 92 95 95 
\Exps îri ua€ii w 
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III 
95 
, 1986) 
95 94 95 
60 38 - 42 44 42 34 40 40 
63 63 - 62 64 70 54 60 66 
66 84 - 86 79 87 79 85 84 
70 95 94 93 96 94 94 95 
*T^ non-tracked on either side of row. 
Tg tracked on one side of row. 
Tg tracked on both sides of row. 
•Significant at 0.10 probability level. 
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multi-applications (FIFA II) of 25, 25, and 50 kg N/ha yielded almost 
20% less compared to single applications of 250 kg N/ha (Table 9, 
Experiment II 1985). During 1986, plots fertilized with PIFA yielded 
16% higher compared with plots of knife applicator, and the difference 
was statistically significant. Once again the superior effect of PIFA 
application is in evidence. Again, in 1986, a single application of 
100 kg N/ha either with knife or PIFA yielded significantly higher 
(4%) compared to two multi-applications of 25 kg N/ha each (Table 10). 
It appears that crop responses to PIFA were generally better than 
those of knife application. The differences were of greater magnitude 
in early stages of crop growth and establishment, and these 
differences were reflected in yields. The treatment of multi-
applications could not compete with the higher rate of single 
fertilizer application, suggesting that for multi-application to prove 
useful, its dose should be increased. 
Effects of Fertilizer Application in Trafficked/Untrafficked 
Inter-rows on Plant Growth 
The treatments of application of fertilizer in trafficked and 
untrafficked inter-rows did not produce statistically significant 
effects on crop responses. However, application of the fertilizer in 
trafficked inter-row generally had desirable effects on corn growth in 
adjacent rows. Emergence was 2-3% higher than in the rows adjacent to 
the trafficked-unfertilized inter-rows (Table 1). Dry matter weight, 
plant tassel, and corn yield were 8-11, 5-10, and 14 percent higher, 
respectively, in the rows adjacent to the traffIcked-fertilized inter-
Table 9a. Effects of method of fertilizer application, machinery traffic, and tillage on 
grain moisture and yield 
Experiment/ Method of fertilizer Fertilizer applied on Tillage 
Year appllcatIon 
Pll'A Knl f e Non-tracked zone Tracked zone No till Till 
(grain moisture, percent) 
1/1985 34 36 34 35 36 34 
1/1986 24 23 23 23 23 23 
(grain yield, t/ha) - -
1/1985 5.6 5.4 5.2 5.9 5.0 6.1 
1/1986 6. b 5.6* 5.8 6.3 6.0 6.1 
Table 9b. liffects of method of fertilizer application, machinery traffic, and tillage on corn 
grain moisture and y ie ld l o r  Experiments I I  and I I I  
Experiment/ Method of Application Traffic Tillage 
Year PIFA II PiPA I Knife Tl® T2 T3 No Till Till 
_ _ _ _ _ _ _ _ _ _ _ _  ( g r a i n  m o i s t u r e ,  p e r c e n t )  - - - - - - - - - - - - - - - - -
II/19U5 35 35 35 34 34 36* 36 34 
11/1986 22 22 22 22 23 23 23 23 
III/19M6 24 - 25 24 25 24 24 24 
_ _ _ _ _ _ _ _ _ _ _ _ _  ( g r a i n  y i e l d ,  t / h a )  - - - - - - - - - - - - - - - - - - - -
11/1985 6.I(1UU)* 7.3(25U) 6.9(250) 6.8 7.0 6.6 6.3 7.3 
11/1986 5.1(50) 5.9(100) 5.7(100) 5.2 5.9 5.6* 5.3 5.8* 
III/1986 4.9(50) - 5.2(100) 4.4 5.5 5.3* 5.2 4.9 
^Tl=non-tracked on either side of row. 
T2=tracked on one side ot row. 
T3=tracked on both sides of row. 
^Numbers in parentheses indicate fertilize: used in kfi N/ha. 
*Slgnificant at 0.10 probability level. 
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rows (Tables 1 and 5) compared with untrafficked-fertilized rows for 
the 1985 crop season. However, during 1986, rows with traffic on one 
or both sides yielded significantly higher compared to the rows with 
traffic on no side in Experiments II and III. This suggests rather an 
advantage of traffic on corn yield. This response may be associated 
with a higher amount of NO^—N within the root zone of the crop due to 
slow movement of fertilizer. In other words, leaching of fertilizer 
to lower soil profile is restricted under the vehicle tracks. This 
also means that moderate traffic may be slightly useful in maintaining 
a better supply of applied fertilizer to the plants and at the same 
time reduces the hazard of groundwater pollution. 
Effect of Traffic on Plant Growth 
In Experiments II and III, the effects of wheel traffic, on both, 
one, and neither side of row, on corn growth were studied. The traffic 
along the side of the row does not appear to have any effect on the 
emergence process (Table 2). At emergence stage of plant growth, 
traffic actually has only a small role to play because the seed is far 
from the trafficked (inter-row) area. Again the effect of inter-row 
traffic on plant height was not statistically significant, except 56 
days after planting in Experiment III, 1986 (Table 4). The occurrence 
of this significance, which indicated higher average heights in the 
row with traffic on one side or neither side of the row, compared with 
traffic in both sides of the row, suggests that a moderate amount of 
traffic can be even useful to plant growth. A similar observation has 
been recorded by Voorhees (1977b), Raghavan et al. (1978a), and 
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Raghavan et al. (1979a and 1979e). 
The effects of traffic were reflected in dry matter weight 
measurement. Generally the traffic on one side of the com row had a 
desirable effect on plant dry matter weight. This difference was 
statistically significant on 59 and 83 days after planting in 
Experiment II, 1986 and on 59 days after planting in Experiment III, 
1986. The higher dry matter weight in the rows with traffic on no 
side or one side may be attributed to relatively less water stresses 
resulting in better plant nutrient uptake. There were no significant 
effects of side traffic on percent plant tasseled on different days; 
however, traffic on one side of the row had generally earlier plant 
tasseling, suggesting a slight advantage of moderate traffic level. 
Again the moderate traffic, that is, traffic on one side of the row, 
had 3-6% higher yields as compared to traffic on neither side and both 
sides, respectively. The traffic on both sides of the row had 
statistically higher grain moisture compared to the other two levels 
of ccaffic. Similar results were reported by Voorhees (i977b), 
Raghavan (1979c), and Gameda et al. (1985). This means that the 
maturity was delayed with the increased level of traffic. 
In general, a moderate amount of traffic appears to have 
desirable effects on plant growth and yield. The same phenomenon has 
been observed by many researchers. Raghavan et al. (1979a) observed 
dry plant yield of 10,500, 12,500, and 9,350 kg/ha for zero traffic, 
moderately compacted, and heavily compacted plots, respectively. 
Voorhees (1977b) reported that wheat planted in wheel tracks in a 
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relatively dry year yielded 0.9 t/ha more than in the untracked, while 
the yield of soybeans was 25% higher where traffic had occurred on 
both sides of the row rather than on one side only. Similarly, Nelson 
et al. (1975) reported that no differences in soybean yield were 
recorded among the plots fertilized adequately; however, with no 
nitrogen fertilizer, corn yield was significantly reduced from rows 
along wheel tracks. In general, yield is likely to show optimum 
response at a certain level of soil compaction. The position of this 
optimum is, however, related to soil type, crop growth stage and 
climatic conditions. 
Effects of Tillage System on Plant Growth 
The main effect of tillage tested statistically significant in 
Experiment I during 1985. A faster rate of emergence and a greater 
total emergence was found in tilled plots compared to no-till plots 
(Table 1). The poorer performance of no-till plots was related to 
planting difficulties because of stalks and residue in the plots. 
Moreover, the soil was dry and hard in no-till plots and this resulted 
in planter penetration problems. On the other hand, in the same 
experimental plots, there were no significant differences in emergence 
of till and no-till plots during the 1986 crop season. This was due 
to adequate soil moisture at planting time, causing no difficulties in 
planter operation. In general, tilled plots (chisel-disk) had a 
desirable effect on the emergence process in Experiment II during both 
1985 and 1986 cropping seasons (Table 2). Again the response may be 
related to poor planter performance. However, emergence was slightly 
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greater in no-till plots (Experiment III, 1986) compared to paraplowed 
plots. This may be due to greater or uneven planting depths in the 
paraplowed plots. 
Generally early plant growth responses were better in tilled 
plots compared with no-till plots (Tables 3 and 4). This could be 
attributed to delayed emergence in the no-till plots. Similarly, 
plant dry matter weights were higher in tilled plots compared to no-
till plots (Experiments I, II, and III) during 1985 and 1986. In 1985 
(Experiment I), the delayed emergence in no-till plots was reflected 
in slower tasseling rates. For similar reasons, in other experiments, 
the tasseling process was slow compared to tilled plots. These 
differences were in the order of 22 and 15 percent higher yields for 
tilled plots in Experiment I and Experiment II respectively. In 1986, 
the chisel-disk tillage system yielded significantly higher (9%) 
compared to the no-till system in Experiment II. However, in 
Experiment III, the no-till yielded 6% higher compared to paraplowed 
plots. 
Generally, the tilled plots had desirable effects on plant 
growth, development, and even yield compared to no-till plots. This 
response may be associated with poor planter performance in no-till 
plots, resulting in poor emergence. According to Buchele (1979), 
"the earlier the emergence, the better the performance of the plant." 
In fact, in the case of a delay in emergence, the plant loses its 
energy in an effort to emerge and therefore can never compete with its 
counterparts. That is why delayed emergence was reflected throughout 
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crop growth. Another reason for poor performance of no-till plots was 
the excessive weed growth, which competes with plants for nutrients 
and thus results in poorer plant responses. 
Effect of Tillage and Traffic Levels on Soil Bulk Density 
Bulk densities were determined in tracked and untracked inter-
rows during 1985 in Experiments I and II. Significantly higher bulk 
densities were recorded in tracked compared with untracked inter-rows 
down to a depth of 30 cm (Tables 10 and 11). This means traffic 
effects were still in evidence at the time of sampling 45 days after 
compaction was done. Generally, higher densities were recorded in no-
till plots in the compacted inter-rows down to a 20 cm soil depth 
compared to tilled plots (Tables 15-19). In other words, tillage with 
chisel-disk can offset the effects of any compaction that was induced 
prior to tillage. In general, it appears that compaction effects were 
evident beyond the 20-30 cm soil depth. This means that the traffic 
effects of agricultural machinery were only seen down to a 30 cm soil 
depth. During 1986 (Experiment I), the soil density measurements were 
made in rows and inter—rows to compare them for their cumulative 
effects from traffic. Again, statistically significant higher soil 
densities were observed in trafficked inter-rows down to a depth of 
25-30 cm, suggesting that the traffic effects were not evident beyond 
this depth (Table 13). In Experiment II, 1986, again significantly 
higher bulk densities were recorded down to a 20-30 cm soil depth 
compared to untracked areas (Table 14). This confirmed the 
observations discussed earlier in Experiment I. In addition, two 
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passes of the tractor, on the average, increased density by 3 to 9 
percent in the upper 30 cm compared with one tractor pass. Exactly 
similar trends in soil densities were observed for both traffic and 
tillage levels in Experiment III, 1986 (Table 14 and 19). 
Effect of Traffic and Tillage on Soil Penetration Resistance 
Soil penetration resistance was measured adjacent to soil bulk 
density sites at the same time, in order to verify density 
measurements. Again, like soil bulk density, the cone index values 
were higher in trafficked inter-rows compared with untrafficked inter-
rows down to a depth of 20 era (Tables 10 and 14). Similarly, no-till 
plots indicated higher soil resistance to a penetrometer compared to 
chisel-disk plots in the upper 10 cm of soil depth (Tables 15 and 17). 
Similar trends were seen in Experiments II and III (Tables 11-19). 
Once again these observations suggested that a compaction effect was 
not evident beyond the 20-30 soil depth. A similar observation has 
been reported by Voorhees et al. (1978): that bulk and penetration 
resistance increase with traffic. 
Effect of Traffic and Tillage on Soil Volumetric Moisture Content 
Volumetric soil moisture content is a good indicator of 
availability of soil water to plants. The volumetric soil moisture 
was statistically higher in trafficked and no-till plots compared with 
untrafficked and tilled plots, respectively (Tables 10-19). These 
differences were found only in the upper 10-15 cm soil depth. This 
trend was consistently observed in all the experiments of this study. 
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The higher moisture content in trafficked and no-till plots is 
associated with a reduced water infiltration rate and/or hydraulic 
conductivity in the plots due to a reduction in mean pore size. 
Table 10. Mean effects of machinery traffic along row side on soil physical properties 
(Experiment I, 1985) 
Moisture Content^ Bulk Density^ Cone Index 
Soil Depth Non-Tracked Tracked Non-Tracked Tracked Non-Tracked Tracked 
Row Inter- Row Inter-
Row Row 
- • -era- - - - percent — - — — / 3 - g/cm - - - — — — — — — — - kPa — — — — — 
0 — 5 13.8 16.9 l.Ol 1.25 192 100 222 979 
5 - 10 19.0 21.8 1.04 1.39 660 446 557 1144 
10 — 15 20.6 24.1 1.22 1.48 1230 786 975 1515 
15 - 20 20.3 23.0 1.21 1.46 1314 1356 1585 1468 
20 — 25 23.3 23.5 1.30 1.44 1437 1393 1519 1456 
25 - 30 22.3 22.8 1.33 1.45 1525 1495 1479 1501 
30 — 35 20.9 21.2 1.36 1.40 1519 1482 1539 1494 
35 - 40 23.0 22.6 1.42 1.46 1494 1396 1629 1406 
40 - 45 23.6 23.6 1.45 1.48 1559 1420 1613 1445 
45 - 50 23.7 23.9 1.45 1.46 1528 1379 1600 1461 
50 — 55 24.3 24.2 1.47 1.48 1499 1434 1647 1485 
55 - 60 23.8 23.2 1.45 1.46 1490 1428 1567 1422 
^Measured in inter-row. 
Table 11. Mean effect of machinery traffic along row side on soil 
physical properties (Experiment II, 1985) 
Volumetric Moisture Content^ Soil Bulk Density^ 
Soil Depth Non- Tracked Tracked Non- Tracked 
Tracked One Pass Two Passes Tracked One Pass 
• cm - - - percent - - - g/cm — — 
0 - 5 1.79 21.0 17.7 1.02 1.24 
5 - 10 22.9 24.4 24.0 1.09 1.38 
10 - 15 23.2 23.8 24.1 1.15 1.37 
15 - 20 21.9 22.7 24.5 1.23 1.35 
20 - 25 21.2 21.2 23.8 1.27 1.38 
25 - 30 22.5 21.0 20.3 1.29 1.37 
30 - 35 20.7 23.8 20.8 1.38 1.40 
35 - 40 24.3 24.8 21.6 1.41 1.40 
40 - 45 22.7 25.3 20.-9 1.42 1.41 
45 - 50 24.6 25.6 23.3 1.44 1.43 
50 - 55 25.2 28.1 23.7 1.46 1.44 
55 - 60 28.7 27.4 24.1 1.45 1.46 
^Measured in inter-row. 
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Cone Index 
Tracked Non-Tracked Tracked One Tracked Two 
Two Passes Pass Passes 
Row Inter- Row Inter- Row Inter-
Row Row Row 
- g/cm - -kPa 
1.37 
1.42 
120 
616 
143 
495 
338 
863 
314 
1166 
362 798 
885 1378 
1.47 
1.47 
846 
1426 
863 
1138 
1120 
1173 
1285 
1462 
1553 1210 
1572 1523 
1.49 
1.45 
1417 
1345 
1393 
1422 
1478 
1537 
1525 
1374 
1595 1565 
1432 1401 
1.44 
1.42 
1599 
1502 
1421 
1348 
1388 
1439 
1400 
1352 
1533 1457 
1434 1471 
1.43 
1.44 
1538 
1511 
1502 
1492 
1569 
1525 
1392 
1427 
1472 1525 
1492 1535 
1.47 
1.48 
1529 
1456 
1562 
1490 
1547 
1511 
1515 
1582 
1496 1555 
1476 1569 
Table 12. Mean effect of machinery traffic along row side on soil physical properties 
(Experiment I, 1986) 
Moisture Content Bulk Density Cone Index 
Soil Depth No-Till Tracked No-till Tracked No-Till Tracked 
Row Inter- Row Inter- Row Inter- Row Inter- Row Inter- Row Inter-
Row Row Row Row Row Row 
- --cm- — — - - - percent - — — — — — — 3 - - ~ g/cm - -• — — — — - — — — — — - kPa - — — — . 
0 - 5 24.2 28.6 29.0 31.8 1.07 0.94 1.13 1.29 1004 365 1186 1365 
5 - 10 26.9 28.3 28.1 33.5 1.22 1.05 1.26 1.47 1226 794 1206 1581 
10 — 15 29.5 29.9 30.3 33.6 1.37 1.15 1.40 1.52 1486 1013 1377 1810 
15 — 20 30.2 30.0 30.5 32.6 1.44 1.27 1.44 1.50 1487 1333 1367 1410 
20 - 25 29. 29.9 29.1 31.3 1.41 1.21 1.40 1.38 1393 1379 1362 1401 
25 - 30 28.5 29.7 29.5 29.1 1.40 1.20 1.37 1.30 1448 1490 1332 1541 
30 — 35 26.5 28.9 27.2 29.1 1.35 1.36 1.33 1.34 1428 1459 1309 1397 
35 — 40 25.9 28.4 26.5 28.4 1.42 1.39 1.33 1.35 1441 1419 1270 1394 
40 — 45 16.4 27.1 26.6 28.3 1.40 1.37 1.36 1.38 1402 1476 1511 1376 
45 - 50 25.1 28.1 26.1 28.0 1.41 .143 1.41 1.36 1402 1511 1490 1568 
50 — 55 27.4 28.3 27.9 29.7 1.48 1.46 1.45 1.43 1332 1458 1384 1466 
55 - 60 27.7 27.2 28.3 28.9 1.45 1.43 1.42 1.42 1359 1409 1374 1408 
Table 13. Mean effect of machinery traffic along row side on soil 
physical properties (Experiment 11, 1986) 
Volumetric Moisture Content 
Non-tracked Tracked One Tracked Two Non-tracked 
Pass Passes 
Soil Row Inter- Row Inter- Row Inter- Row Inter-
Row Row Row Row 
Depth 
0 - 5  1 5 . 0  1 9 . 9  
5 - 1 0  2 6 . 9  2 5 . 6  
10 - 15 29.0 30.0 
15 - 20 29.3 30.9 
20 - 25 32.1 33.7 
25 - 30 33.4 31.9 
30 - 35 31.3 33.4 
35 - 40 32.3 28.9 
40 - 45 31.1 31.1 
45 - 50 31.0 30.2 
50 - 55 31.4 28.6 
55 - 60 31.3 28.9 
percent ------
24.7 29.4 20.5 
28.6 33.9 28.6 
32.2 35.8 29.6 
34.7 34.7 31.7 
34.9 34.3 32.4 
33.1 33.9 33.4 
32.2 33.1 31.9 
31.8 33.4 30.1 
30.9 31.4 30.0 
32.1 31.6 31.3 
30.8 30.5 31.3 
31.2 . 31.6 32.7 
27.1 1.07 1.05 
32.9 1.27 1.24 
32.6 1.37 1.38 
33.3 1.44 1.41 
34.2 1.43 1.46 
32.5 1.39 1.47 
33.4 1.42 1.48 
31.5 1.53 1.51 
30.1 1.41 1.52 
30.0 1.47 1.50 
28.6 1.50 1.48 
30.1 1.50 1.47 
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Soil Bulk Density Cone Index 
Tracked One Tracked Two Non-tracked Tracked One Tracked Two 
Pass Passes Pass Passes 
Row Inter- Row Inter- Row Inter- Row Inter- Row Inter-
Row Row Row Row Row 
-g/cm kPa 
1.19 
1.32 
1.42 
1.48 
1.41 
1.39 
1.25 
1.40 
1.52 
1.54 
1.53 
1.49 
1.07 
1.39 
1.45 
1.47 
1.43 
1.41 
1.13 
1.43 
1.56 
1.58 
1.51 
1.52 
374 
1025 
1312 
1358 
307 1040 
458 1496 
668 1465 
850 1435 
1248 923 1521 
1388 1306 1585 
1017 
1209 
1314 
1067 
1400 
1313 
1135 989 
1256 1131 
1487 1455 
1355 1393 
1463 1519 
1421 1385 
1.41 1.51 1.41 1.51 1355 1488 1519 1474 1477 1418 
1.43 1.53 1.47 1.54 1385 1344 1490 1473 1410 1400 
1.40 1.51 1.52 1.52 1565 1398 1500 1341 1486 1341 
1.52 1.52 1.45 1.49 1501 1385 1511 1487 1419 1394 
1.49 1.49 1.49 1.51 1429 1335 1459 1403 1477 1433 
1.51 1.48 1.51 1.49 1440 1302 1370 1373 1451 1401 
Table 14. Mean effect of machinery traffic along row side on soil 
physical properties (Experiment III, 1986) 
Volumetric Moisture Content 
Non-•tracked Tracked 
Pass 
One Tracked Two 
Passes 
Non-tracked 
Soil 
Depth 
Row Inter-
Row 
Row Inter-
Row 
Row Inter-
Row 
Row Inter-
Row 
— cm - - percent - - -
0 - 5  
5 - 1 0  
21.5 
25.9 
21.2 
28.3 
22.1 
23.3 
23.3 
29.0 
24.4 
28.1 
30.8 
34.9 
1.02 
1.26 
1.13 
1.28 
10 - 15 
15 - 20 
30.3 
31.5 
31.1 
33.9 
28.9 
31.2 
33.7 
33.3 
33.9 
33.2 
37.6 
36.1 
1.39 
1.44 
1.40 
1.44 
20 - 25 
25 - 30 
33.4 
32.7 
31.5 
3.4 
31.6 
31.2 
31.2 
33.4 
36.5 
32.2 
33.1 
34.4 
1.43 
1.44 
1.46 
1.47 
30 - 35 
35 - 40 
32.5 
31.9 
30.8 
32.4 
29.8 
29.3 
30.0 
31.8 
31.4 
31.2 
30.5 
30.9 
1.44 
1.37 
1.48 
1.49 
40 - 45 
45 - 50 
31.5 
30.2 
29.7 
31.4 
30.3 
29.8 
29.9 
30.9 
29.5 
29.2 
29.8 
28.6 
1.40 
1.41 
1.50 
1.49 
50 - 55 
55 - 60 
30.0 
31.7 
30.8 
32.8 
30.6 
30.6 
29.8 
31.6 
30.7 
30.8 
30.9 
30.4 
1.39 
1.44 
1.48 
1.47 
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Soil Bulk Density Cone Index 
Tracked One Tracked Two Non-tracked Tracked One Tracked Two 
Pass Passes Pass Passes 
Row Inter- Row Inter- Row Inter- Row Inter- Row Inter-
Row Row Row Row Row 
-g/cm 
1.07 .31 
1.24 1.41 
1.41 1.51 
1.49 1.55 
1.51 1.51 
1.46 1.48 
1.42 1.49 
1.45 1.50 
1.44 1.51 
1.36 1.50 
1.41 1.47 
1.52 1.46 
1.13 1.44 
1.30 1.56 
1.43 1.57 
1.53 1.53 
1.55 1.50 
1.48 1.50 
1.43 1.51 
1.45 1.51 
1.51 1.50 
1.41 1.48 
1.47 1.49 
1.43 1.48 
495 226 
718 507 
1007 573 
1147 738 
1105 998 
1074 1135 
1047 1162 
1241 1183 
1082 1245 
1236 1301 
1266 1295 
1176 1218 
— — — kPa — — 
882 824 
1155 1528 
1500 1538 
1318 1382 
1311 1431 
1360 1202 
1383 1205 
1399 1348 
1327 1339 
1570 1481 
1439 1390 
1379 1344 
1182 133 
1527 1651 
1562 1592 
1520 1438 
1371 1418 
1390 1338 
1414 1358 
1415 1438 
1397 1399 
1459 1444 
1475 1341 
1441 1365 
Table 15. Mean effect of tillage on soil physical properties (Experiment I, 1985) 
* â â Moisture Content Bulk Density Cone Index 
Soil Depth No-Till Chisel-Disk No-till Chisel-Disk No-Till Chisel-Disk 
Row Inter- Row Inter-
Row Row 
- • -cm- - - - percent — — — — — / 3 - g/cm - - - — — — — — — — - kPa - — — — — 
0 - 5 15.9 14.7 1.08 1.18 274 653 140 425 
5 - 10 21.4 19.4 1.23 1.22 695 796 521 793 
10 - 15 23.0 21.7 1.31 1.38 1391 1250 815 1051 
15 - 20 22.1 21.2 1.34 1.32 1473 1577 1424 1247 
20 - 25 24.3 21.8 1.41 1.33 1688 1560 1468 1489 
25 - 30 23.0 21.2 1.43 1.41 1523 1548 1582 1448 
30 - 35 23.3 23.9 1.46 1.40 1616 1638 1414 1337 
35 - 40 23.7 22.9 1.46 1.43 1669 1412 1454 1391 
40 - 45 23.9 23.3 1.47 1.46 1657 1446 1515 1418 
45 - 50 23.3 22.9 1.48 1.43 1596 1519 1532 1321 
50 - 55 24.3 24.1 1.49 1.45 . 1652 1519 1492 1399 
55 - 60 23.8 24.3 1.46 1.44 1595 1477 1462 1372 
^Measured in inter-row. 
Table 16. Mean effect of tillage on soil physical properties (Experiment II, 1985) 
Moisture Content Bulk Density Cone Index 
Soil Depth No-Tlll Chisel-Disk No-till Chisel-Disk No-Till Chisel-Disk 
Row Inter- Row Inter-
Row Row 
- -cm- - - - percent - - g/cm - - - — — — kPa — — — — — 
0 - 5  
5 - 1 0  
20.4 
25.0 
17.3 
22.4 
1.23 
1.32 
1.19 
1.28 
298 
927 
499 
960 
249 
648 
338 
1066 
10 - 15 
15 - 20 
22.4 
23.6 
22.4 
23.6 
1.35 
1.41 
1.30 
1.28  
1320 
1482 
1038 
1462 
1025 
1295 
1202 
1287 
20 - 25 
25 - 30 
2 2 . 2  
21.8 
23.2 
21.7 
1.40 
1.40 
1.36 
1.36 
1605 
1542 
1531 
1411 
1515 
1534 
1458 
1388 
30 - 35 
35 - 40 
21.2  
23.2 
22.4 
23.9 
1.45 
1.45 
1.40 
1.43 
1506 
1432 
1321 
1375 
1509 
1485 
1530 
1406 
40 - 45 
45 - 50 
25.3 
23.2 
25.6 
25.8 
1.42 
1.46 
1.47 
1.41 
1503 
1543 
1486 
1465 
1483 
1477 
1460 
1505 
50 - 55 
55 - 60 
28.5 
28.5 
28.0  
28.3 
1.48 
1.47 
1.49 
1.47 
1516 
1474 
1564 
1545 
1532 
1488 
1590 
1549 
Table 17. Mean effect of tillage on soil physical properties (Experiment 1, 1986) 
Moisture Content Bulk Density Cone Index 
Soil Depth No-Till Chisel-Disk No-till 
Row Inter- Row Inter- Row Inter-
Row Row Row 
Chisel-Disk 
Row Inter-
Row 
No-Till 
Row Inter-
Row 
Chisel-Disk 
Row Inter-
Row 
— —CHI— — - percent - - - -
0 - 5  
5 - 1 0  
26.7 
27.6 
30.6 
31.9 
27.5 
27.5 
29.9 
29.8 
1 . 1 1  
1.32 
1.15 
1.36 
1.10 
1.15 
1.09 
1.15 
1160 
1196 
1124 
1220 
1030 
1237 
606 
1155 
10 - 15 
15 - 20 
29.4 
30.8 
33.0 
31.4 
30.4 
29.8 
30.5 
30.8 
1.45 
1.48 
1.40 
1.37 
1.32 
1.39 
1.27 
1.40 
1536 
1526 
1645 
1584 
1326 
1327 
1178 
1160 
20 - 25 
25 - 30 
28.6 
29.8 
31.3 
29.9 
30.1 
2 8 . 2  
30.0 
28.9 
1.39 
1.40 
1.31 
1.38 
1.42 
1.38 
1.39 
1.36 
1515 
1484 
1532 
1521 
1239 
1297 
1247 
1510 
30 - 35 
35 - 40 
27.2 
27.1 
30.0 
28.8  
26.5 
26.3 
30.0 
28.0  
1.33 
1.41 
1.35 
1.39 
1.34 
1.34 
1.35 
1.35 
1511 
1513 
1471 
1392 
1225 
1198 
1385 
1492 
40 
45 
45 
50 
2 6 . 6  
26.3 
28.1 
28.4 
26.5 
25.9 
27.4 
27.7 
1.38 
1.41 
1.37 
1.43 
1.38 
1.41 
1.26 
1.37 
1641 
1660 
1397 
1636 
1271 
1231 
1455 
1443 
50 
55 
55 
60 
25.6 
27.7 
28.0 
28.4 
25.6 
28.1 
29.8 
29.6 
1.40 
1.42 
1.42 1.41 
1.44 1.40 
1.43 
1.42 
1540 
1529 
1546 
1520 
1176 
1203 
1378 
1297 
Table 18. Mean effect of tillage on soil physical properties (Experiment II, 1986) 
Moisture Content Bulk Density Cone Index 
Soil Depth No-Till Chisel-Disk No-till Chisel-Disk No-Till Chisel-Disk 
Row Inter- Row Inter- Row Inter- Row Inter- Row Inter- Row Inter-
Row Row Row Row Row Row 
3 
— —cin— ~* — — — — percent — — — — — — — — — — g / c m — — — — — — — — — — — — — kPa — — — — — 
0 - 5  2 1 . 7  2 8 . 7  1 9 . 1  2 2 . 3  1 . 0 9  1 . 2 5  1 . 1 3  1 . 1 5  9 5 2  8 5 5  8 1 5  6 8 7  
5 - 1 0  2 8 . 3  3 2 . 8  2 7 . 8  2 8 . 7  1 . 3 2  1 . 4 1  1 . 3 4  1 . 3 1  1 3 5 4  9 8 0  1 4 6 4  8 8 5  
10 - 15 31.3 32.8 29.2 32.7 1.43 1.46 1.41 1.51 1464 1170 1378 1121 
15 - 20 32.0 33.0 31.7 33.0 1.42 1.47 1.51 1.54 1409 1197 1357 1010 
20 - 25 32.7 35.7 33.6 32.4 1.43 1.50 1.42 1.50 1311 1251 1510 1311 
25 - 30 33.9 33.0 32.8 32.5 1.42 1.51 1.43 1.48 1368 1397 1561 1373 
30 - 35 31.9 32.2 31.7 30.7 1.43 1.51 1.44 1.49 1373 1525 1527 1396 
35 - 40 32.3 32.2 30.5 29.9 1.44 1.55 1.45 1.50 1325 1447 1532 1364 
40 - 45 31.8 30.9 29.5 30.7 1.43 1.50 1.46 1.52 1381 1359 1454 1316 
45 - 50 31.7 31.6 31.3 29.3 1.45 1.48 1.44 1.53 1374 1396 1475 1447 
5 0 - 5 5  3 2 . 4  3 0 . 8  2 9 . 7  2 8 . 3  1 . 4 8  1 . 4 6  1 . 5 0  1 . 5 2  1 3 1 4  1 4 0 9  1 4 6 4  1 3 7 2  
55 - 60 31.4 31.8 29.5 29.4 1.51 1.48 1.50 1.49 1408 1402 1438 1314 
Table 19. Mean effect of tillage on soil physical properties (Experiment 111, 1986) 
Moisture Content Bulk Density Cone Index 
Soil Depth No-Till Paraplow No-till Paraplow No-Till Paraplow 
Row Inter- Row Inter- Row Inter- Row Inter- Row Inter- Row Inter-
Row Row Row Row Row Row 
- • 
-cm- - — - — - percent - — — — — — — . — — — , 3 g/cm * — — — - - — — — — — - kPa - — - - ' 
0 — 5 23.3 27.8 22.1 23.1 1.09 1.34 1.06 1.27 840 877 867 712 
5 - 10 26.4 32.3 25.2 27.1 1.27 1.43 1.26 1.39 1172 1419 1094 1038 
10 — 15 32.7 33.4 28.7 32.5 1.48 1.50 1.46 1.50 1475 1228 1239 1042 
15 - 20 32.8 33.3 31.2 33.2 1.48 1.48 1.49 1.49 1367 1118 1289 1254 
20 _ 25 34.4 34.0 33.4 34.5 1.50 1.52 1.49 1.46 1254 1259 1270 1302 
25 - 30 32.2 32.2 32.3 32.5 1.45 1.47 1.46 1.47 1272 1306 1277 1144 
30 — 35 31.1 30.5 31.4 33.4 1.43 1.51 1.42 1.47 1271 1306 1225 1178 
35 - 40 31.3 31.1 30.3 34.9 1.45 1.52 1.40 1.48 1428 1393 1275 1252 
40 45 30.8 29.9 20.0 29.6 1.46 1.49 1.43 1.47 1255 1379 1281 1276 
45 - 50 31.2 30.7 28.3 29.9 1.46 1.48 1.32 1.48 1509 1572 1335 1246 
50 — 55 29.8 31.1 30.3 29.9 1.44 1.49 1.41 1.47 1472 1467 1315 1219 
55 - 60 30.6 29.8 29.6 31.3 1.44 1.44 1.41 1.43 1436 1418 1229 1200 
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SUMMARY AND CONCLUSIONS 
1) In general, PIFA performed better as compared to the knife 
applicator. This was reflected in terms of crop responses. 
2) Better performance of a single application with PIFA 
compared to a single application with the knife applicator 
has one possible explanation. The knife application loosens 
the soil by a tilling action; thus, the leaching and 
evaporation losses are promoted and the fertilizer in the 
crop root zone is decreased. 
3) The plants that emerged late could never catch up. 
4) The multi-applications of fertilizer did not perform equally 
with a single application. There were several obvious 
reasons. First, the amount or dose of each application, 
viz. 25, 25 kg N/ha, was too small compared to a single 
application of 250 kg N/ha. Thus plants suffered nitrogen 
deficiencies during the early part of the season in the 
plots assigned to the multi-application technique. Second, 
the multi-applications could not be timed properly due to 
weather constraints. This suggests that the amount of 
fertilizer in the first multi-application by PIFA be 
increased-
5) The measured corn yields were 4% and 6% higher in 
Experiments*! and II, respectively, but not statistically 
significant, in PIFA plots compared with knife application 
of a similar fertilizer dose. 
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The corn yields decreased by about 30% when the nitrogen 
applied was decreased form 250 kg N/ha to 100 kg N/ha. The 
multi-application (PIFA II) of 25, 25, and 50 kg N/ha 
yielded almost 20% less compared to a single application of 
250 kg N/ha. 
Traffic-fertilizer interaction indicated that the crop 
responses were better in the rows adjacent to trafficked and 
fertilized inter-rows. This indicates that fertilizer stays 
longer in the root zone under tracked soil conditions. 
Emergence, dry matter weight, plant tasseling, and corn 
yield were 2%-3%, 8%-ll%, 5%-10%, and 14% higher, 
respectively, in the rows adjacent to the trafficked-
fertilized inter-rows compared with untrafficked-fertilized 
rows. 
Higher dry matter weight in rows with traffic on no side or 
on only one side may be attributed to relatively less water 
stress, and root plant growth can compensate for in the 
other side of the row, resulting in better plant nutrient 
up take. 
Emergence was generally faster in tilled plots compared to 
no-till ones. A considerable amount of residue remained a 
problem as regards planter penetration in no-till plots. 
Uneven soil conditions in the paraplowed plots reduced 
rate of emergence. The differences in emergence were 
reflected at other stages of the crop. 
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12) Higher soil density was seen in the tracked inter-rows 
compared to the adjacent rows about 45 days after compaction 
was done. 
13) No-till plots had higher soil bulk density compared to plots 
under other tillage systems. 
14) No compaction effects could be detected beyond 25-30 cm soil 
depth. 
15) The soil penetration resistance indicated traffic and 
tillage effects similar to those shown by bulk density 
measurements. 
16) Soil volumetric moisture content was higher in trafficked 
areas of the fields compared to untrafficked areas. This 
was related to reduced porosity, resulting in decreased 
infiltration in the trafficked plots. 
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GENERAL SUMMARY 
In Section I, movement of NO^-N through the soil profile under 
tracked and non-tracked soil conditions simulated rainfall was 
studied. After disking twice, a tractor was driven over the soil 
surface of plots to create tracked and non-tracked zones. Potassium 
nitrate (KNO^) in solution was sprayed over the plots (471 kg NO^-
N/ha). Two rains totalling 5.0 and 7.5 cm were applied with a 
rainfall simulator. Soil samples were taken down to 150 cm before and 
on one and ten days after rainfall for soil analyses. Tracked soil 
profiles maintained higher amounts of NO^-N compared to non-tracked 
profiles down to a 20 cm soil depth. Fertilizer leaching beyond 150 
cm increased as rainfall increased. Time of sampling after rainfall 
suggested that significant leaching occurred beyond the 150 cm soil 
depth during the first day after application of rain. 
The study reported in Section II examined NO^-N movement under 
field conditions. Two methods of fertilizer application, viz. a knife 
applicator and a point injector fertilizer applicator (PIFA), were 
compared under both compacted and uncompacted soil conditions. 
Results indicate that lower applicacion rates and multiple 
applications significantly decrease NO^-N losses under different 
levels of compaction. Compaction reduced NO^-N losses due to the 
resulting lower infiltration rate and hydraulic conductivity; however, 
adverse effects of soil compaction in deteriorating soil structure, 
impeding root development and ultimately reducing crop yields, have to 
be weighed against the benefits accrued from soil compaction in terms 
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of decreased NO^-N leaching and conceivably improved water quality. 
The point injector fertilizer applicator maintained higher amounts of 
NOg-N compared to the knife applicator, both in single and multi-
applications, thus establishing its superior standing. 
Section III reports on the changes in soil physical properties 
and crop responses that were found. Under field conditions, PIFA 
performed better as compared to the conventional knife applicator. 
This was reflected in terms of crop responses. Moderate compaction 
helped to hold fertilizer in the root zone and in turn to improve 
growth. Uneven soil conditions in the paraplow tilled plots resulted 
in poor emergence. Compacted zones had high penetration soil 
resistance, and bulk density, as well as higher volumetric moisture 
contents, in the upper 25-30 cm. No-till plots had higher soil 
strength compared to other tillage systems. The corn yield decreased 
by about 30% when the fertilizer applied was decreased from 250 kg 
N/ha to 100 kg N/ha. The multi-applications (with PIFA) of 25, 25, 
and 50 kg N/ha yielded 20% less compared to a single application of 
250 kg N/ha. 
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EECOMMENDAIIONS FOR FUTURE RESEARCH 
In view of an interaction between fertilizer leaching and machine 
compaction, a continuous effort is needed to properly recognize 
compaction levels that significantly affect the downward movement of 
fertilizer and its uptake by plants under different soil and crop 
conditions. 
There appears a clear effect of PIFA compared with a conventional 
applicator. Therefore, intensive field research is needed to further 
explore the potential use of PIFA. Multi-applications with a high-
clearance tractor equipped with PIFA need to be extensively studied 
at field level before a set of best management practices and systems 
(BMPs) can be developed. 
In view of the laborious fieldwork to determine soil NO^-N 
content, its automization should be encouraged. 
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APPENDIX A. EXPERIMENTAL DATA, SECTION II 
Table 1. Average volmetric moisture content for different factors and their levels 
(Experiment I, 1985) 
Tracked Non-tracked 
Method of fertilizer application 
Depth of 
Soil Control Knife PIFA Control Knife PIFA 
Inter- Inter- Inter- Inter- Inter- Inter-
cm Row Row Row Row Row Row Row Row Row Row Row Row 
(H^O cm^/cm^) -
No-Till 
0 - 10 0. 151 0. 167 0. 206 0. 223 0 .205 0.248 0.144 0. 155 0. 081 0. 123 0. 150 0. 192 
10 - 20 0. 199 0. 216 0. 208 0. 262 0 .265 0.242 0.172 0. 177 0. 124 0. 143 0. 214 0. 207 
20 - 30 0. 186 0. 228 0. 220 0. 300 0 .288 0.288 0.216 0. 245 0. 179 0. 176 0. 256 0. 261 
30 - 40 0. 203 0. 233 0. 296 0. 288 0 .298 0.287 0.246 0. 268 0. 254 0. 248 0. 281 0. 276 
40 - 50 0. 257 0. 254 0. 302 0. 287 0 .308 0.318 0.294 0. 284 0. 301 0. 275 0. 305 0. 329 
0 - 50 0. 199 0. 220 0. 246 0. 272 0 .273 0.277 0.214 0. 224 0. 188 0. 193 0. 241 0. 253 
Chisel Disk Plow 
0 - 10 0. 158 0. 152 0. 209 0. 197 0 .172 0.186 0.106 0. 117 0. 123 0. 141 0. 153 0. 180 
10 - 20 0. 912 0. 186 0. 257 0. 264 0 .224 0.235 0.154 0. 143 0. 191 0. 179 0. 203 0. 193 
20 - 30 0. 214 0. 186 0. 270 0. 285 0 .250 0.282 0.171 0. 215 0. 210 0. 198 0. 242 0. 241 
30 - 40 0. 217 0. 187 0. 271 0. 287 0 .260 0.300 0.179 0. 213 0. 235 0. 219 0. 248 0. 248 
40 — 50 0. 204 0. 255 0. 298 0. 291 0 .294 0.313 0.232 0. 258 0. 262 0. 249 0. 268 0. 268 
0 - 50 0. 204 0. 193 0. 261 0. 265 0 .240 0.263 0.168 0. 189 0. 204 0. 197 0. 223 0. 226 
Table 2. Average volumetric moisture content for different factors 
and their levels (Experiment II, 1985) 
Method of fertilizer application 
Traffic Tillage Soil Depth Control Knife 
(cms) Row Inter-Row Row Inter-Row 
- - - - -  ( H g O  cm^/cm^) - - - -
Non-tracked No-till 10 
20 
30 
40 
50 
0.143 
0.211 
0.255 
0.267 
0.270 
0.139 
0.195 
0.279 
0.250 
0.308 
0.166 
0.235 
0.259 
0.265 
0.271 
0.219 
0.242 
0.251 
0.251 
0.263 
Till 10 
20 
30 
40 
50 
0.216 
0.245 
0.250 
0.308 
0.284 
0.237 
0.247 
0.253 
0.252 
0.295 
0.194 
0.201 
0.248 
0.243 
0.272 
0.234 
0.258 
0.255 
0.244 
0.259 
Tracked 
(one pass) 
No-till 10 
20 
30 
40 
50 
0.312 
0.320 
0.333 
0.301 
0.313 
0.274 
0.328 
0.327 
0.310 
0.318 
0.226 
0.277 
0.299 
0.291 
0.292 
0.236 
0.292 
0.295 
0.288 
0.291 
Till 10 
20 
30 
40 
50 
0.320 
0.316 
0.296 
0.295 
0.248 
0.293 
0.316 
0.284 
0.280 
0.257 
0.237 
0.290 
0.313 
0.297 
0.310 
0.287 
0.317 
0.327 
0.306 
0.308 
Tracked No-till 
(Two passes) 
10 
2U 
30 
40 
50 
0.283 
0.324 
0.290 
0.312 
0.323 
0.282 
0.312 
0.300 
0.295 
0.327 
0.215 
0.226 
0.313 
0.297 
0-300 
0.277 
0.322 
0.319 
0.301 
0.277 
Till 10 
20 
30 
40 
50 
0.249 
0.330 
0.330 
0.298 
0.302 
0.274 
0.287 
0.300 
0.311 
0.287 
0.276 
0.350 
0.287 
0.309 
0.252 
0.337 
0.341 
0.345 
0.251 
0.293 
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PIFA I PIFA II 
Row Inter-Row Row Inter-Row 
- - - - - (H^O cm^/cm^) - - - - -
0.197 
0.238 
0.285 
0.286 
0.299 
0.156 
0.299 
0.237 
0.229 
0.238 
0.280 
0.306 
0.296 
0.292 
0.301 
0.246 
0.292 
0.298 
0.286 
0.300 
0.210 
0.320 
0.314 
0.284 
0.280 
0.269 
0.317 
0.303 
0.285 
0.283 
0.230 
0.244 
0.296 
0.300 
0.307 
0.191 
0.218 
0.245 
0.249 
0.255 
0.255 
0.283 
0.313 
0.291 
0.296 
0.288  
0.314 
0.316 
0.301 
0.297 
0.285 
0.314 
0.306 
0.300 
0.287 
0.308 
0.304 
0.327 
0.287 
0.268 
0.220 
0.239 
0.254 
0.234 
0.264 
0.198 
0.239 
0.249 
0.241 
0.256 
0.263 
0.293 
0.288 
0.269 
0.272 
0.211 
0.244 
0.271 
0.218 
0.284 
0.213 
0.293 
0.299 
0.289 
0.274 
0.295 
0.332 
0.331 
0.301 
0.289 
0 .216  
0.235 
0.247 
0.238 
0.255 
0.233 
0.241 
0.245 
0.245 
0.258 
0.252 
0.290 
0.299 
0.272 
0.270 
0.220 
0.252 
0.265 
0.276 
0 .281  
0.187 
0.245 
0.285 
0.293 
0.270 
0.311 
0.257 
0.327 
0.297 
0.287 
Table 3. Average volumetric moisture content for different factors and their levels 
(Experiment 1, 19b6) 
Tracked Non-tracked 
Method of fertilizer application 
Depth of 
Soil Control Knife PIFA Control Knife PIFA 
Inter- Inter- Inter- Inter- Inter- Inter-
cm Row Row Row Row Row Row Row Row Row Row Row Row 
- - - - - - - - - - - - - - - - - - -  ( H g O  c m ^ / c m ^ )  - - - - - - - - - - - - - - - -
No-till 
0 - 10 0. 302 0. 237 0. 358 0 .359 0. 311 0.344 0.272 0. 283 0 .260 0 .288 0. 254 0.291 
10 - 20 0. 331 0. 352 0. 359 0 .361 0. 325 0.334 0.335 0. 318 0 .295 0 .319 0. 372 0.279 
20 - 30 0. 351 0. 343 0. 344 0 .353 0. 377 0.338 0.336 0. 343 0 .354 0 .361 0. 345 0.355 
30 - 40 0. 348 0. 354 0. 355 0 .324 0. 339 0.343 0.344 0. 350 0 .338 0 .342 0. 338 0.340 
40 — 50 0. 356 0. 350 0. 390 0 .338 0. 349 0.361 0.354 0. 355 0 .365 0 .320 0. 327 0.327 
0 - 50 0. 338 0. 345 0. 353 0 .347 0. 332 0.344 0.328 0. 374 0 .322 0 .326 0. 328 0.318 
Chisel-Disk Plow 
0 - 10 0. 314 0. 319 0. 308 0 .305 0. 348 0.335 0.232 0. 332 0 .260 0 .218 0. 259 0.262 
10 - 20 0. 339 0. 324 0. 321 0 .309 0. 359 0.334 0.266 0. 258 0 .318 0 .295 0. 322 0.309 
20 - 30 0. 316 0. 326 0. 318 0 .333 0. 354 0.316 0.317 0. 309 0 .367 0 .346 0. 381 0.348 
30 - 40 0. 298 0. 326 0. 338 0 .364 0. 356 0.307 0.310 0. 324 0 .354 0 .356 0. 383 0.377 
40 - 50 0. 308 0. 343 0. 337 0 .355 0. 357 0.329 0.322 0. 343 0 .347 0 .364 0. 371 0.383 
0 — 50 0. 315 0. 328 0. 324 0 .333 0. 355 0.324 0.287 0. 293 0 .329 0 .316 0. 345 0.336 
Table 4. Average content; of NO -N for different factors and their levels 
(Experiment I, 1985) 
Tracked Non-tracked 
Method of fertilizer application 
Depth of 
Soil Control Knife PIFA Control Knife PIFA 
Inter- Inter- Inter- Inter- Inter- Inter-
cm Row Row Row Rov; Row Row Row Row Row Row Row Row 
(kg(NO^-N)/ha 
No-till 
0 - 10 5.7 9.1 12.2 24.6 11.6 28.6 5.2 7.9 10.4 24.7 17.5 27.4 
10 - 20 3.5 13.8 9.9 13.9 17.9 25.4 5.0 6.2 5.7 9.9 6.9 16.0 
20 - 30 4.9 5.6 6.5 7.8 5.9 8.0 4.3 5.0 3.5 4.6 5.1 8.0 
30 - 40 4.0 4.5 5.3 6.2 5.0 5.1 4.6 2.5 3.4 3.9 4.6 8.8 
40 - 50 3.2 6.7 4.2 4.6 4.9 4.3 3.8 1.5 2.8 3.9 3.6 4.6 
0 - 50 23.3 39.7 38.1 57.1 45.3 71.4 22.9 23.1 25.8 47.0 37.7 64.8 
Chisel-disk Plow 
0 - 10 8.1 11.7 1.3.0 15.9 9.5 14.5 8.8 12.7 14.4 29.0 14.5 17.7 
10 - 20 5.4 12.2 2.7 8.4 24.4 40.0 3.1 7.1 8.8 20.5 7.2 7.3 
20 - 30 5.0 7.3 3.5 4.2 23.6 17.3 3.6 6.0 4.1 8.2 5.0 7.5 
30 - 40 3.6 6.4 2.3 2.0 2.7 4.5 2.3 3.0 2.9 3.8 5.4 5.3 
40 — 50 2.9 3.5 3.3 3.1 2.6 3.7 2.9 4.7 2.7 3.1 4.5 4.1 
0 _ 50 25.0 41.1 24.8 33.6 62.8 80.0 20.7 33.5 32.9 64.6 36.6 41.9 
Table 5- Average NO content for different factors 
and their levels (Experiment II, 1985) 
Method of fertilizer application 
Traffic Tillage Soil Depth Control Knife 
(cms) Row Inter-Row Row Inter-Row 
(kg (NOg—N)/ha) - - - -
Non-tracked No—till 10 6.2 13.0 12.6 18.8 
20 4.3 16.3 13.8 14.9 
30 2.7 6.0 3.3 8.9 
40 2.6 4.8 2.8 7.9 
50 2.4 4.1 3.7 20.0 
Till 10 1-3 2.6 3.3 47.1 
20 1.6 2.1 5.8 44.2 
30 1.5 2.0 1.9 32.4 
40 2.3 1.8 2.2 10.8 
50 2.4 1.4 1.4 7.7 
Tracked No-till 10 7.3 10.7 4.2 45.8 
(one pass) 20 4.6 4.4 46.0 56.7 
30 3.7 4.0 31.5 22.4 
40 3.3 3.9 13.0 8.5 
50 3.9 2.9 6.0 7.6 
Till 10 8.4 9.6 15.9 27.5 
20 5.5 4.2 28.3 26.4 
30 3.1 8.1 16.7 19.5 
40 2.6 3.6 4.9 7.1 
50 3.1 4.7 4.8 4.4 
T racked No-till 10 3.0 9.3 12.2 28.8 
(Two passes) 20 4.3 7.4 5.8 93.6 
30 3.3 4.4 7.7 13.1 
40 3.1 4.4 6.2 8.3 
50 2.7 4.3 3.9 7.8 
Till 10 3.6 5.1 60.4 92.8 
20 2.0 3.6 31.6 23.2 
30 1.0 3.1 38.8 8.5 
40 3.2 5.8 20.7 3.9 
50 2.3 2.7 11.8 7.7 
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PIFA I PIFA II 
Row Inter-Row Row Inter-Row 
------ (kg(NOg-N)/ha) - - - -
4.9 
5.0 
3.8 
2.b 
2.3 
6.9 
4.5 
3.1 
3.4 
3.6 
69.5 
26.8 
24.8 
17.6 
8 . 8  
5.4 
5.6 
3.5 
4.2 
4.1 
9.8 
24.5 
4.6 
3.9 
5.2 
7.8 
1 0 . 1  
6.7 
6.4 
4.8 
42.2 
26.0 
16.6 
26.5 
5.7 
30.9 
13.0 
4.9 
4.0 
4.9 
85.5 
8 1 . 2  
2 1 . 1  
14.2 
7.8 
98.9 
67.6 
1 8 . 1  
8.0 
7.4 
24.7 
37.1 
9.6 
6 .6  
6.3 
20.7 
65.4 
51.3 
42.2 
2 1 . 8  
8 .0  
3.0 
2.7 
2.8  
3.0 
1 . 6  
5.1 
2 . 1  
2.0 
2 . 2  
2 6 . 1  
4.0 
3.9 
2.4 
2.5 
10.0 
9.5 
5.4 
5.9 
3.4 
54.5 
7.0 
10.3 
2 . 1  
3.0 
5.7 
5.6 
4.1 
2.4 
1.9 
12.4 
4.7 
2.5 
2.8  
3.0 
8.0  
5.2 
9.2 
6 . 2  
6.5 
40.8 
12.4 
4.9 
9.4 
4.5 
10.6  
2 . 8  
2.5 
2.0 
1.8 
1 6 . 6  
6.7 
4.6 
3.5 
2 . 0  
18 .8  
6.3 
4.5 
2.3 
2.5 
Table 6 • Background nltrate-
of soil profile 
nitrogen content (one day before planting) in upper 120 cm 
lixperiment I Experiment II 
Tracked Non-tracked Tracked Non-tracked 
Soil Depth 
"l *2 "l *2 *1 *2 "l «2° 
(cm) kg(NO^-N)/ha - - - - -
U-30 25.5 23.3 23.9 24.7 36.7 28.3 44.4 34.8 
30-60 24.5 18.1 11.8 19.8 27.3 25.7 23.7 41.8 
60-90 8.3 3.1 7.3 6.4 21.3 16.7 19.6 7.9 
90-120 6.5 2.1 7.2 4.6 7.3 8.7 4.5 5.5 
0-120 64.8 46.7 50.2 55.5 92.8 79.4 92.9 90.0 
and repeats. 
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Table 1. Effects of method of fertilizer application, machinery 
traffic, and tillage on average^ percent emergence 
No-till Till 
Method of fertilizer application 
Days after Fertilizer applied PIFA Knife PIFA Knife Average 
planting 
(Percent) 
(Experiment I, 1985) 
10 non-tracked 54 43 78 75 63 
tracked 41 59 86 68 64 
12 non-tracked 54 44 81 77 64 
tracked 44 59 87 70 65 
15 non-tracked 54 47 82 80 66 
tracked 45 . 63 91 72 68 
17 non-tracked 55 51 84 81 68 
tracked 47 63 92 74 69 
19 non-tracked 55 51 85 82 68 
cracked 48 64 94 74 70 
29 non-tracked 58 52 85 83 70 
tracked 49 64 94 75 71 
31 non-tracked 59 56 86 83 71 
tracked 51 65 94 76 72 
Average 89 55 87 76 
^ach number is average of three observations in each treatment. 
Table I .  (Continued) 
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No-till Till 
Method of fertilizer application 
Days after Fertilizer applied PIFA Knife PIFA Knife Average 
planting 
- - - - - - - -  ( P e r c e n t )  -  -  -  -
(Experiment I, 1986) 
7 non-tracked 82 80 81 69 78 
tracked 76 83 81 84 81 
8 non-tracked 91 88 84 79 86 
tracked 87 94 84 92 89 
10 non-tracked 94 89 88 84 89 
tracked 90 95 86 98 92 
13 non-tracked 94 89 91 97 93 
tracked 99 97 98 98 98 
Average 89 89 87 88 
Table 2. Effects of method of fertilizer application, machinery traffic and tillage on 
an average percent emergence 
No-till Till 
Days after Method of fertilizer application 
Planting Traffic PIFAII PIFAl Knife PIFAII PIFAI Knife Average 
— — — —— — — — — — — — — — —— — (percent) — — — — — — — — — — — — — — — — 
(Experiment II, 1985) 
10 
•^1 
77 77 82 78 81 83 80 
•^ 2 
74 81 79 78 85 84 81 
78 84 79 75 79 78 79 
12 81 82 90 84 86 88 85 
^2 
79 88 81 84 89 90 86 
^3 
84 89 87 82 84 90 86 
15 88 87 93 90 91 90 90 
'^2 
87 90 86 90 92 93 90 
^3 
89 91 93 89 90 93 91 
17 94 94 94 95 94 93 94 
^2 
994 95 96 94 94 96 95 
^3 95 94 
94 95 94 95 94 
Average 85 88 88 86 88 89 
Table 2. (Continued) 
Days af ter 
Planting Traffic PIFAII 
No-tlll 
Method of fertilizer 
PIFAI Knife 
applicat ion 
PIFAII 
(percent) -
Till 
PIFAI Knife Average 
(Experiment 111 1986) 
7 
^1 
78 83 75 79 79 
88 82 82 83 84 
^3 77 
79 78 83 79 
8 
'l 
80 83 79 81 81 
^2 
88 84 84 86 86 
^3 
83 82 83 85 83 
10 
'^ 1 
80 84 80 83 82 
^2 
92 87 87 86 88 
'^ 3 
86 81 84 85 84 
13 
^1 
82 85 83 83 83 
^2 92 
87 87 87 88 
T3 86 85 84 87 86 
Average 84 83 82 84 
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Table 3. Effects of method of fertilizer application, machinery 
traffic, and tillage on average plant heights 
No-till Till 
Method of fertilizer application 
Days after Fertilizer applied PIFA Knife PIFA Knife Average 
planting 
(Percent) 
(Experiment I, 1985) 
47 non-tracked 
tracked 
58 
58 
55 
55 
56 
55 
56 
53 
56 
55 
76 non-tracked 
tracked 
163 
161 
165 
159 
159 
145 
164 
155 
163 
155 
88 non-tracked 
tracked 
171 
169 
172 
169 
158 
148 
170 
157 
168 
161 
Average 130 129 123 126 
(Experiment 1, 1986) 
55 Non-tracked 
tracked 
100 
102 
98 
94 
107 
104 
92 
99 
99 
100 
73 non-tracked 122 122 138 123 114 
tracked 124 128 133 126 128 
82 non-tracked 
tracked 
186 
188 
188 
184 
188 
188 
182 
183 
157 
186 
Average 138 136 143 134 
^ach number is average of three observations in each treatment. 
Table 4. Effects of method of fertilizer application, machinery traffic and tillage 
on average plant heights 
No-till Till 
Method of fertilizer application 
Days after 
Planting Traffic PIFAII PIFAI Knife PIFAII PIFAI Knife Average 
- - - - - - - - - - - - - -  -  -  -  ( c m )  -  - -  - -  - -  - -  - -  - -  - -  - -  - -
(Experiment II, 1985) 
47 
^1 
53 58 55 54 60 54 56 
'^ 2 
54 56 55 56 57 57 56 
'^ 3 
52 57 50 54 59 54 54 
76 
'^l 
166 164 166 164 166 166 165 
^2 
160 165 172 164 171 163 166 
161 164 165 162 164 163 164 
88 
'^ 1 171 
176 174 173 177 172 174 
^2 172 
169 182 170 178 180 175 
T] 166 170 173 167 175 174 171 
Average 128 131 132 129 135 131 
Table 4. (Continued) 
No-till Till 
Method of fertilizer application 
Days after 
Planting Traffic PIFAII PIFAI Knife PIFAII PIFAI Knife Average 
- - - - (cm) - -
(Experiment II, 1985) 
56 Tj 98 113 107 107 132 116 112 
105 119 112 116 127 115 112 
107 120 125 92 102 117 111 
75 147 137 140 158 167 154 151 
153 165 153 161 160 150 157 
152 162 151 136 142 143 149 
82 182 167 154 178 169 155 168 
150 180 180 198 177 162 173 
T^ 145 179 163 148 174 163 164 
Average 138 149 143 144 150 142 
Table 4. (Continued) 
No-tlll Till 
Method of fertilizer application 
Days after 
Planting Traffic PIFAIl PÏFAI Knife PIFAII PIFAl Knife Average 
(Experiment III, 1986) 
56 
"l 
114 113 123 120 118 
117 115 119 143 124 
^3 119 112 120 117 117 
75 
^1 
144 146 163 151 151 
^2 
143 146 149 177 154 
•^3 
153 148 160 143 151 
82 
"1 
167 166 176 193 176 
^2 
145 162 175 166 162 
T3 155 158 151 186 163 
Average 140 141 148 155 
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Table 5. Effects of method of fertilizer application, machinery 
traffic, and tillage on average® dry matterweight 
No-till Till 
Method of fertilizer application 
Fertilizer applied PIFA Knife PIFA Knife Average 
(g/plant) 
(Experiment I, 1985) 
48 non-tracked 35 38 37 37 37 
tracked 47 43 44 41 44 
63 non-tracked 91 98 101 86 94 
tracked 85 87 125 113 103 
Average 65 67 77 69 
(Experiment I, : 1986) 
58 non-tracked 105 107 . 129 110 113 
tracked 118 94 128 118 115 
82 non-tracked 157 131 154 149 148 
tracked 162 158 165 151 159 
Average 136 123 144 132 
^Each number is average of three observations in each treatment. 
Days after 
planting 
Table 6. Effects of method of fertilizer application, machinery traffic, and tillage 
on average dry matter weight 
No-till Till 
Method of fertilizer application 
Days after 
Planting Traffic PIFAII PIFAI Knife PIFAII PIFAI Knife Average 
- - - - - - - - - - - - - - - -  ( g / p l a n t )  - - - - - - - - - - -  -  -  -
(Experiment II, 1985) 
41 
^1 
30 34 30 39 37 35 34 
^2 
29 28 30 36 38 41 34 
'^ 3 
24 30 32 30 24 27 28 
56 
"l 
69 64 73 99 99 90 82 
^2 
67 97 83 78 102 70 83 
^3 71 
98 68 74 82 75 78 
67 125 132 145 146 196 134 146 
^2 
144 146 112 146 174 146 146 
T3 133 140 124 133 144 157 139 
Average 77 85 78 85 100 86 
Table 6. (Continued) 
No-till Till 
Method of fertilizer application 
Days after 
Planting Traffic PIKAII PIFAI Knife PIFAII PIFAI Knife Average 
— — — — — — — — — _ — _ (g/plant) — — — — — — — — — — — — — — — — 
(Experiment II, 1986) 
59 113 116 109 118 136 126 119 
115 119 115 118 108 124 117 
^3 
93 97 99 110 92 102 97 
83 
'^ 1 
173 168 171 159 215 194 180 
'^ 2 
187 182 194 166 180 168 152 
^3 127 
167 163 127 167 158 
Average 135 142 142 131 150 139 
Table 6. (Continued) 
No-till Till 
Method of fertilizer application 
Days after 
Planting Traffic PIKAII PlIfAI Knife PIFAII PIFAI Knife Average 
- (g/plant) 
(Experiment III, 1986) 
"^ 1 
119 129 119 110 119 
^2 
120 112 126 126 121 
'^ 3 
68 118 84 112 96 
152 175 155 151 158 
^2 
l')6 174 154 179 166 
132 169 148 173 156 
Average 125 146 131 142 
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Table 7. Effects of method of fertilizer application, machinery 
traffic, and tillage on average^ percent plant tasseled 
No-till Till 
Method of fertilizer application 
Days after fertilizer applied PIFA Knife PIFA Knife Average 
planting 
(percent) 
(Experiment I, 1985) 
50 non-tracked 1 0 0 1 1 
tracked 2 1 1 1 1 
55 non-tracked 4 2 2 2 3 
tracked 9 10 4 1 6 
58 non-tracked 4 4 6 5 5 
tracked 28 21 8 8 16 
62 non-tracked 37 41 64 54 49 
tracked 50 47 55 63 54 
65 non-tracked 49 52 80 78 65 
tracked 63 55 88 86 73 
70 no-tracked 52 57 82 83 69 
tracked 65 60 94 93 78 
Average 30 29 40 40 
(Experiment I, 1986) 
59 non-tracked 30 44 48 49 43 
tracked 44 59 61 55 55 
61 non-tracked 50 49 55 51 51 
tracked 62 60 69 61 63 
64 non-tracked 80 79 89 71 80 
tracked 83 84 80 73 80 
70 non-tracked 83 82 99 82 87 
tracked 98 91 88 80 89 
Average 66 69 74 65 
Each number is average of three observations in each treatment. 
Table 8. Effects of method of fertilizer application, machinery traffic, and tillage on mean 
on average percent plant tasseled 
No-till Till 
Method of fertilizer application 
PIl-'All PIFAI Knife PTFAII PIFAI Knife Average 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ( p e r c e n t )  
(Experiment II, 1985) 
50 
•^1 74 
80 82 76 89 90 81 
'^ 2 
86 88 90 78 84 95 87 
-^ 3 
72 73 72 79 77 88 79 
55 90 86 94 85 92 92 90 
'^ 2 
94 91 92 90 93 94 92 
^3 
78 85 86 91 86 95 87 
58 
^1 
94 92 95 89 94 95 93 
^2 
94 95 94 94 95 95 95 
'^ 3 
97 88 93 93 94 97 94 
62 95 98 97 95 96 95 96 
95 95 96 95 96 96 96 
^3 94 
88 95 96 95 97 94 
Average 89 88 91 88 91 94 
Days after 
Planting Traffic 
Table 8. (Continued) 
No-tlll Till 
Method of fertilizer application 
Days after 
Planting Traffic PIFAIl PtFAI Knife PIFAIl PIFAI Knife Average 
( p e r c e n t )  —  —  —  —  —  —  —  — —  — —  —  —  —  —  —  
(Experiment II, 1986) 
60 
'^l 29 41 52 37 43 40 40 
41 41 42 39 40 47 42 
23 28 39 38 35 34 33 
63 40 78 67 42 80 79 64 
65 65 71 60 74 89 71 
^3 
50 62 64 72 68 64 63 
66 
^1 
74 88 87 74 87 88 83 
^2 
72 86 92 83 86 90 85 
'^ 3 70 
81 86 95 87 78 93 
70 
'^l 
88 95 94 91 95 94 95 
^2 95 
96 97 94 95 95 
^3 88 95 94 97 96 97 
Average 61 71 74 69 74 75 
Table 8. (Continued) 
No-till Till 
Method of fertilizer application 
Days after 
Planting Traffic PIFAII PIFAI Knife PIFAII PIFAI Knife Average 
- (percent) - - - - - — — — — — — — 
— — — — 
(Experiment III, 1986) 
60 41 51 43 40 44 
'^ 2 
41 41 40 46 42 
^3 28 
39 34 35 334 
63 66 56 68 66 64 
'^2 
65 71 73 72 70 
^3 
51 50 56 58 54 
66 
'^l 
88 84 87 88 79 
'^2 
86 88 86 87 87 
'^ 3 78 83 79 76 79 
70 95 90 95 90 93 
^2 
96 97 95 97 96 
'1'3 92 93 96 95 94 
Average 68 70 71 71 
Table 9. Effects of method of fertilizer application, machinery traffic, and tillage on 
average grain moisture and yield 
No-till Till 
Method of fertilizer application 
Experiment/ Fertilizer PIFA Knife PIFA Knife Average 
year applied 
(grain moisture percent) - - - -
1/1985 non-tracked 33 34 34 35 34 
tracked 33 35 36 36 35 
Average 33 35 35 36 
1/1986 non-tracked 24 22 24 24 23 
tracked 23 23 23 23 23 
Average 23 22 23 23 
(grain yield t/ha) 
1/1985 non-tracked 5.0 (34)* 4.5 (31) 6.1 (50) 4.9 (48) 5.2 (41) 
track 5.8 (36) 4.7 (38) 7.2 (54) 7.0 (56) 5.9 (46) 
Average 5.4 (35) 4.6 (35) 6.7 (52) 5.5 (52) — 
1/1986 non-tracked 5.0 5.3 6.4 5.8 5.9 
tracked 7.4 5.8 6.7 5.4 6.3 
Average 6.7 5.6 6.6 5.6 
^he numbers in parentheses are average number of plant per 12 m. 
Table 10. Effects of method of fertilizer application, machinery traffic, and tillage 
on average grain moisture and yield 
No-till Till 
Method of fertilizer application 
Experiment/ 
Year Traffic PIFAll PIPAI Knife PIFAII PIFAI Knife Average 
(grain moisture percent) 
II, 1985 35 36 35 31 32 32 34 
'^2 
34 36 37 34 33 33 35 
T] 36 37 37 36 35 35 36 
Average 35 36 36 
(grain yield 
34 
t/ha) 
33 33 
^1 
5.8 6.4 6.7 6.1 8.1 7.5 6. 1  
^2 
5.9 6.7 6.5 7.9 7.9 8.5 7.: 
T] 5.9 6 • 6 6.3 6.6 8.0 6.7 6.: 
Average 5.9 6.6 6.5 6.9 8.0 7.8 
Table 11. Effects of method of fertilizer application, machinery traffic, and tillage 
on average grain moisture and yield 
No-till Till 
Method of fertilizer application 
Experiment/ 
Year Traffic PIFAII PlFAl Knife PIt'AII PlFAl Knife Average 
(grain moisture percent) 
II, iy86 
Average 
Average 
23 
23 
23 
23 
3.9 
6.8 
4.8 
5.2 
22  
23 
24 
23 
4.4 
4.6 
6.5 
5.2 
23 
19 
23 
22 
20 
23 
23 
22 
(grain yield t/ha) 
4.7 5.4 
6.8 4.4 
5.7 5.5 
5.7 5.1 
22 
24 
22 
23 
6 . 6  
7.3 
6 . 2  
6.7 
23 
25 
21 
23 
6.3 
5.6 
5.2 
5.7 
22 
23 
23 
5.2 
5.9 
5.7 
Table 12. Kffects of method of fertilizer application, machinery traffic, and tillage 
on average grain moisture and yield 
Experiment/ 
Year Traffic PIFAII 
No-till Till 
Method of fertilizer application 
Plli-AI Knife PIFAII PIFAI Knife Average 
(grain moisture percent) -
III, 1986 
'^ 1 
23 25 23 26 24 
^2 
2!» 24 25 25 25 
T] 20 23 23 23 
Average 23 23 
(grain 
23 
yield t/ha) 
23 
4..0 4.1 5.0 4.6 4.4 
^2 
6.2 5.1 5.2 5.5 5.5 
4.8 7.1 4.7 4.7 5.3 
Average 5,0 5.4 5.0 4.9 
